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(54) Process for the preparation of high molecular lactic copolymer polyester 



(57) The present invention provides a process for the 
preparation of a decomposable lactic copolymer polyes- 
ter which exhibits a sufficiently high molecular weight, 
heat resistance and thermal stability and further exhibits 
a rigidity, flexibility and transparency depending on the 
purpose. A novel process for the preparation of a high 
molecular lactic copolymer polyester is provided, which 
comprises allowing a lactide (A), a polyester terminated 
by hydroxyl grotp at both ends (81 ), a polyvalent carbox- 
ytic acid having 3 or more functionalities and/or add 
anhydride thereof (C) to undergo ring opening copolym- 
erization in the presence of a ring opening polymeriza- 
tion catalyst (D), A novel process for the preparation of 
a high molecular lactic copolymer polyester is also pro- 
vided, which comprises allowing the lactide (A) and the 
polyester (81) to undergo ring opening copolymerization 
in the presence of the catalyst (D) to prepare a polyester, 
and then reacting the polyester with the component (C). 
A novel process for the preparation of a high molecular 
lactic copolymer polyester is further provided, which 
comprises reacting the polyester (81 ) with the polyvalent 
carboxylic acid component (C) to obtain a polyester ter- 
minated by hydroxyl group at both ends having a weight- 
average molecular weight of from 10,000 to 300.000 
(82), and then allowing the polyester (82) and the lactide 
(A) to undergo ring opening copolymerization in the pres- 
ence of the catalyst (D). Another novel process for the 
preparation of a high molecular lactic copolymer polyes- 
ter is provided, which comprises allowing a dicarboxylic 
acid, a diol and the polyvalent carboxylic acid component 
(C) to undergo dehydration reaction and/or deglycolation 
reaction to obtain a polyester having a weight-average 
molecular weight of from 10,000 to 300,000 (83). and 
then allowing the polyester (83) and the lactide (A) to 
undergo ring opening copolymerization in the presence 
of the catalyst (D). A formed or molded product of a high 



molecular lactic copolymer polyester prepared by the 
novel preparation process is also disclosed. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a process lor the preparation of a high molecular lactic copolymer polyester which 
comprises reacting a polyfunctional polyvalent carboxylic acid (or its acid anhydride) or polyfunctional polyvalent isocy- 
anate in the preparation of a lactic copolymer to prepare a lactic copolymer having a higher molecular weight while 
arbitrarily varying the proportion and kind of the polyester to be incorporated as a starting material in the lactic copolymer 
to prepare high molecular lactic copolymer polyesters having different properties. 

The lactic copolymer according to the presertt invention is biodegradable. The lactic copolymer according to the 
present invention can be subjected to various forming or molding processes such as extrusion molding, injection molding, 
blow molding and press molding. TTius, the lactic copolymer according to the present Invention can be subjected to 
forming or molding by means of any existing apparatus for use with general-purpose resins. The lactic copolymer accord- 
ing to the present invention is useful as molding resin, coating resin, ink resin, adhesive resin, etc.. particularly as molding 
resin for wrapping material. 

Examples of the product worked from extruded sheet of the lactic copolymer of the present invention include tray, 
cup, cover, and blister Examples of the product worked from the film of the lactic copolymer of the present invention 
include lap wrapping material, shrink wrapping material, stretch wrapping material, and bag such as trash bag, super- 
market bag. standard tyag and double bag. Examples of the extruded products which can be used as agricultural or 
fishing materials include agricultural multi-ply film, pesticide-releasing sheet, fowl net, curing net, sapling pot. fishing 
net, laver farming net, and fishing line. Examples of the extruded products which can be used as sanitary products 
include paper diaper, and sanitary napkin. Examples of the extruded products which can be used as medical products 
include artificial kidney, and stitching fiber. Examples of the blow-molded products to which the present invention can 
apply include shampoo bottle, cosmetics bottle, drink bottler and oil vessel. Examples of the paper laminates to which 
the present invention can apply include tray, one-way vessel such as cup, and megaphone body. 

Examples of the injection-molded products to which the present invention can apply include golf tee, applicator's 
core, candy's sticK brush, toothbrush, injector's cylinder, cover, dish, cup, comb, razor's haft, cassette of recording tape, 
disposable spoon and folk, and stationary such as ball point pen. 

Other examples of the molded products to which the present Invention can apply include binding tape, prepaid card, 
balloon, panty hose, hair cap. sponge, cellophane tape, umbrella, raincoat, plastic glove, rope. tube, foamed tray, foamed 
buffer, buffer, packing material, hot-melt adhesive, cigarette filter, and paint for ship bottom. 

BACKGROUND OF THE INVENTION 

In recent years, extensive studies have been made to put a lactic polymer having an excellent biodegradability into 
wide application as a general-purpose polymer. Many studies have been made of process for the preparation of such 
a lactic polymer. Further, many proposals for the process for the preparation of such a lactic polymer have been applied 
for patent. However, the conventional lactic acid or polylactic add which is a polymer of lactides, or copolymer of lactide 
witii other monomers leave somettiing to be desired in formability or moldability and transparency. The polylactic acid 
is disadvantageous in that it decomposes too fast to handle as a general-purpose resin except in special applications. 
It has thus been keenly desired to improve tiiese polylactic polymers. 

International Disclosure No. WO 91/02015 discloses copolymers of an aromatic polyester such as polyethylene 
terephthalate and polybutylene terephthalate with polyglycolide or polylactic acid and processes for the preparation 
thereof. 

The preparation processes disclosed in the above cited patent include a process which comprises the reaction of 
monomers, i.e.. lactide. butyfene glycol and dimethyl terephthalate. and a process which conprises the reaction of 
polymers, i.e., ester exchange reaction of two polymers, i.e., polyglycolide and polybutylene terephthalate. at a temper- 
ature as high as 220 ^C. However, preparation processes described in the examples are limited to tiie ester exchange 
reaction of polymers. 

JP-A-4-504731 (The term "JP-A" as used herein means an "unexamined published Japanese patent application'^) 
discloses a process which comprises the polymerization of a lactide with a polyetiiylene terephthalate to prepare a blend 
polymer of a polylactic acid with a polyethylene terephthalate. Furtiier. a technique for reacting a crystalline aromatic 
polyester with a lactone is disclosed in JP-B-48-41 1 5 (The term "JP-B" as used herein means an "examined Japanese 
patent publication") and JP-B-48-41 16. In accordance with these metiiods, a crystalline aromatic polyester is reacted 
witii a lactone, particularly e-caprolactone or y-valerolactone. 

However, tiie process disclosed in JP-A-4-504731 is disadvantageous in that the softening point of the polyethylene 
terephthalate is as high as not lower than 220 ^C, which is higher tiian the decomposition temperature of the lactide 
(185 "C). giving a remarkably colored copolymer having an insufficient molecular weight. Furtiier, the process which 
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comprises the reaction of lactones disclosed in JP-B-48-41 15 and JP-B-48-41 16 is disadvantageous in that the resulting 
copolymer is opaque and flexible and thus is not preferred as a molding resin. 

It is generally well known that the preparation process which comprises the reaction of monomers, i.e.. the reaction 
of a dicartx>xylic acid component or its esterif ied product with a diol component and a cyclic ester such as lactide. cannot 

5 provide a higher molecular weight. Further, the preparation process which comprises the reaction of polymers is imprac- 
tical in that the decomposition temperature of the polylactic acid is much lower than the temperature at which the aromatic 
polyester such as polyethylene ter^hthalate and polybutylene terephthalate becomes fluid. 

Moreover, the resulting lactic copolymer polyester is brittle and exhibits a poor transparency because the aromatic 
polyester is crystalline and exhibits a high melt temperature and a poor compatibility with other compounds. JP-A-63- 

10 1 45661 proposes a process for the preparation of a copolymer of a lactide with an aliphatic polyester which comprises 
the polymerization of e-caprolactone to obtain a homopolymer which is then block-copolymerized with a lactida 

However, the above-proposed process which comprises the block copolymerization of a poly(£-caproIactone) witii 
a lactide is disadvantageous in that the resulting copolymer becomes cloudy and opaque. This is probably because tinat 
the poly(e-caprolactone) block and tiie polylactic acid block in the copolymer are hardly compatible witii each other and 

IS the aliphatic polyester in the poly(c-caprolactone) chain reflects a high crystallinity to opacify the copolymer. Furtiier. the 
copolymer tiius obtained normally stays flexible despite of its relatively high glass transition point determined by differ- 
ential thermal analysis. 

To summarize these conventional techniques, polymers provided with a sufficient sti'ength, heat resistance and 
thermal stability exhibit an insufficient flexibility and transparency. On the contrary, polymers provided with a sufficient 
20 flexibility and transparency exhibit an insufficient strength, heat resistance and tiiermal stability. Thus, polymers provided 
with properties satisfactory enough for resins to be formed into film or sheet have not yet been obtained. 

Further, if a lactide to be incorporated as a residual monomer is used as a plasticizer to plasticize tiie polymer, the 
remaining lactide sublimates, scatters and then attaches itself to the apparatus during preparation, contaminating the 
apparatus. Moreover, the lactide disappears from tiie polymer during storage or while in use. tine desired plastidzing 
25 effect disappears and things wrapped by the wrapping material can be contaminated. 

If an ordinary plasticizer is used instead of lactide, it must be used in a large amount to attain a sufficient plastidzing 
effect. Thus, the plasticizer unavoidably bleeds out, and the problems such as the disappearance of the desired plasti- 
dzing effect during storage and tiie contamination of tilings wrapped by ttie wrapping material could not be solved. 
Accordingly, polymers provided with properties satisfectory enough for the application as wrapping materials have not 
30 yet been obtained. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a process for the preparation of a decomposable lactic 
35 copolymer polyester which exhibits a suff icientiy high molecular weight, heat resistance and tiiermal stability and further 
exhibits a rigidity, flexibility and transparency depending on the purpose. 

The foregoing object of the present invention will become more apparent from the following detailed description and 
examples. 

The inventors made extensive studies to solve tiiese problems. As a result, tine following knowledges were obtained. 
40 In some detail, the following processes are proposed: 

A process which comprises the reaction, as essential components, of a lactide and a polyester comprising an 
aliphatic dicarboxyllc acid component and/or aromatic dicarboxylic add component and/or polyvalent cari3oxylic add 
component having 3 or more functionalities and a diol component in various formulations; 

A process which comprises the reaction, as essential conrponents, of a lactide, a polyester comprising an aliphatic 
45 dicarisoxyfic add component and/or aromatic dicari^oxylic acid component and a diol component in various formulations 
and a polyvalent cari30xylic add having 3 or more functionalities; 

A process which comprises the reaction, as essential components, of a polyester obtained by tiie reaction of a 
polyester comprising an aliphatic dicarboxylic add conrponent and/or aromatic dicart)Oxylic add component and a diol 
component in various formulations and a polyvalent isocyanate having 2 or more functionalities and a lactide; or 
50 A process which comprises the reaction, as essential components, of a lactic copolymer polyester obtained by 

the reaction of a lactide with a polyester comprising an aliphatic dicarboxylic add conponent and/or aromatic dicarboxylic 
acid component and a diol component in various formulations and a polyvalent isocyanate having 3 or more function- 
alities. 

In accordance witii the foregoing proposed processes, the decomposition of the monomers during forming or mold- 
55 ing can be controlled. Forming and molding can be effected at wider temperature ranges. Further, tiie resulting polymer 
can be provided with a higher molecular weight. Accordingly, the polymer thus obtained can be provided witii a higher 
strength and a higher thermal stability during forming or molding. 

Further, tiie copolymerization of a hard hydrolyzable polylactic add with a hydrophobic polyester can provide a less 
hydrolyzable polymer. Moreover, tiie proportion of tiie aliphatic dicarix)xyllc acid component and the aromatic dicarbo- 
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xylic add conponent can be aibitrarily varied or the proportion of the polyester to be copolymerized with these compo- 
nents can be arbitrarily varied to prepare various lactic polyester products ranging from a hard resin having a high glass 
transition point and melting point to a rigid and highly flexible resin having a tenacity which can be formed Into a film that 
exhibits a high tear strength and can hardly be aacked. 

s Still further, the use of the polyvalent carboxyllc acid having 3 or more functionalities or polyvalent isocyanate having 
2 or more functionalities makes it easier to provide a higher molecular weight. This makes It possible to aibitrarily select 
the kind and proportion of copolymer polyesters. Accordingly, a decomposable high molecular lactic polyester can be 
obtained which exhibits a strength and molding thermal stability high enough for the application as a general-purpose 
resin and exhibits a sufficient rigidity, transparency and f lecibility depending on the purpose. Thus, the present invention 

10 has been worked out. 

The present invention concerns (1) a process for the preparation of a high molecular lactic copolymer polyester, 
which comprises allowing a lactWe (A), a polyester terminated by hydroxyl group at both ends (B1 ), a polyvalent carboxyllc 
acid having 3 or more functionalities and/or acid anhydride thereof (C) to undergo ring opening copolymerlzation in such 
an amount that the weight ratio of (A)/(B1) is from 50/50 to 98/2 and the proportion off the component (C) is from 0.001 
IS to 5 % by weight of the sum of the amount of the components (A) and (B 1 ) in the presence of a ring opening polymerization 
catalyst (D). 

The present invention also concerns (2) a process for the preparation of a high molecular lactic copolymer polyester, 
which comprises allowing a lactide (A) and a polyester terminated by hydroxyl group at both ends (B1) to undergo ring 
opening copolymerization in (A)/(B1) weight ratio of 50/50 to 98/2 in the presence of a ring opening polymerization 

20 catalyst (D) to prepare a polyester, and then reacting said polyester with a polyvalent carboxylic ackj having 3 or more 
functionalities and/or acid anhydride thereof (C) in such an amount that the proportion of the component (C) is from 
0.001 to 5 % by weight of the sum of the amount of the components (A) and (B1). 

The present invention further concerns (3) a process for the preparation of a high molecular lactic copolymer poly- 
ester, which comprises reacting a polyester terminated by hydroxyl group at both ends (B1) with a polyvalent carboxylic 

25 acid having 3 or more functionalities and/or add anhydride thereof (C) in such an amount that the proportion of the 
component (C) is from 0.001 to 5 % by waght of the amount of the component (81) to obtain a polyester terminated by 
hydroxyl group at both ends having a weight-average molecular weight of from 10.000 to 300.000 (82), and then allowing 
said polyester (82) and a lactide (A) to undergo ring opening copolymerization in such an amount that the weight ratio 
of (A)/(B2) is from 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D). 

30 The present Invention concerns (4) a process for the preparation of a high molecular lactic copolymer polyester, 
which comprises allowing a dicart)oxy!ic add. a diol and a polyvalent carboxylic add having 3 or more functionalities 
and/or acid anhydride thereof (C) in an amount of from 0.001 to 5 % by weight to undergo dehydration reaction and/or 
deglycolation reaction to obtain a polyester having a weight-average molecular weight of from 10.000 to 300.000 (83), 
and then allowing said polyester (83) and a lactide (A) to undergo ring opening copolymerization in such an amount 

35 that the weight ratio of (A)/(B3) is from 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D). 

The present invention still further concerns the process for the preparation of a high molecular lactic copolymer 
polyester as defined above, wherein the polyester terminated by hydroxyl group at both ends (81 ) has a weight-average 
molecular weight of 10.000 to 200.000 and the polyvalent carboxylic acid having 3 or more functionalities and/or acid 
anhydride thereof (C) is selected from the group consisting of trimellitic add. trimellitic anhydride, pyromellitic acid and 

40 pyromellitic anhydride. 

The present invention concerns a process for the preparation of a high molecular lactfo copolymer pdyester. which 
comprises reacting a polyester terminated by hydroxyl group at both ends (81 ) with a pdyvalent isocyanate (E) having 
2 or more functionalities in such an amount that the proportion of the component (E) is from 0.01 to 5 % by weight of 
the amount of the polyester (81) to obtain a polyester (84) having a weight-average mdecular weight of from 10,000 to 
45 300,000. and then allowing said polyester (84) and lactide (A) to undergo ring opening copolymerization in such an 
amount that theweight ratio of (A)/(84) is from 50/50 to 98/2 in the presence of aring opening polymerization catalyst (D). 

The present invention further concerns a process for the preparation of a high molecular lactic copolymer polyester, 
which comprises allowing a lactide (A) and a polyester terminated by hydroxyl group at both ends (B1) to undergo ring 
opening copolymerization in such an amount that the weight ratio of (A)/(B1) is from 50/50 to 98/2 in the presence of a 
ring opening polymerization catalyst (D) to prepare a polyester having a weight-average molecular weight of from 1 0.000 
to 300,000. and then reacting said polyester with a polyvalent Isocyanate having 3 or more functionalities in such an 
amount that the proportion of said polyvalent isocyanate (F) is from 0.01 to 5 % by weight of the sum of the amount of 
the components (A) and (B1). 

The present invention still further concerns the process for the preparation of a high molecular lactic copolymer 
55 polyester as defined above, wherein the polyester terminated by hydroxyl group at both ends (B1 ) has a weight-average 
molecular weight of from 10,000 to 200,000. 

The present invention concerns the process for the preparation of a high molecular lactic copolymer polyester as 
defined above, wherein the resulting high mdecular lactic copolymer polyester has a weight-average molecular weight 
of from 20.000 to 600.000. 
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rfSni . T ^ P™*^ ^ *^ preparation of a high molecular lactic copolymer polyester 

as defined above wherein a stabc m«er .s used as a polymerization reaction vessel and a continuous polymerization 
apparatus comprising a series connection of two or more agitated reaction vessels is used. POVmerization 
Moreover the present invention concerns a formed or moUed product of a high molecular lactic copolymer polyester 
5 prepared by the preparation process as defined above. iwicgopoiymer polyester 

DETAII-ED DESnRIPTI ON OF THF IMVPMTir>M 

The present invention will be fulher described hereinafter. 

'^j!^®- f^'y®^®-" terminated by hydroxyl group at both ends, polyvalent carboxylic acid having 3 or more func- 

fre?2sSs:ttT'^"^"'^^^^^^^ 
sir^urraS^^otrr^"*^"""^ 

l^J^^rZ }-^^ crystallizes to exhibit a high melting point. The high molecular 

SJe^orgtoS:?:™'*^"^^^^ 
^ ',^'1^ thermophysical properties, the content of Uactide is preferably not less than 75 % of the 

n? n„ * '? *° «^«"«H)hysical properties. Sie contit of L^cMe is pr^^^ 

not less than 90 % of the total cor*ent of lactides. « h ciraauiy 

Examples of the polyester terminated by hydroxyl group at both ends (B) employable in the present invention include 

aad component aromatic dicaitwxylic acid component and diol component i^-oicarooxyiic 
The aromatic dicarboxylic acid component to be incorporated in the polyester employable in the present invention 
.snotspecrf«:alyli^^^^^^ 

acid, terephthalic aad. naphthalenedicarboxylic acid, and phthalic anhydride. oSer examples of the ar^rStScaSo 

t;?^rsc^re"2^^"-°'^^°'^^™'^^^ 

is n<riSica^rvtm^Tr^°'' ^^Tr^ *° i! 'T"^'^'^ '^^^ P^V^^^ employable in the present invention 
Si^t?S.5i^ M ?r * '^^^^ dicarboxylic acid is particularly preferred. Specific examples of such an 

p ^"j* '"2'^' ^^'^''^ sebacic acid. brassyOc acid, and cydohex^- 

edicarboxylic acid. Besides these aliphatic dicarboxylic acids, dimer acids can be used cycionexan 

thesfd*ittlTToT t?. r'^'^T ' V'^ 

these d'ofe s a C2_io diol. Specific examples of such a diol include ethylene ^ycol. propylene alycol butvlene alvcol 

LT?r.S!? ■ '.T"" 9'y«"' cyc'o'^^^anedTmetfianorxyTene^g^^^^^ 

^ ^Pr'?^"^ dibutanedioi. 3-hydroxydipivalyl pivalate. and hydJogenatL bisphenT/^ 
In order to enhance the transparency of the copolymer thus obtained, neopentyl glycol is preferably incorporated 

viscoelasticity of from 500 to 50.000 kg/cmz can be obtained. ^ 

In the present invention, both the aromatic polyester and the aliphatic polyester free of aromatic rina can be used 

as nS?e2 i' mo" « T' '"^^^^^ ^^^^^^ haverJeight-average .^S^uTL^^^^ 

as not less than 1 .000. parfccularly firom 10,000 to 200,000. 

The weight ratio of the aromatic polyester to the aliphatic polyester is not limited. In order to maintain a oracticallv 
sufficien strength, flexibility and transparency, the content of the aromatic polyester and the alS poly^Srtre 
preferably from 1 to 49 parts by weight and from 1 to49partsby weight based on 100 parts ^wS o^^^^^^^^^^ 
amount of the aromatic polyester and the aliphatic polyester, respectively sumof the 

orefe^lv'SSJrl'pS^^^^^^^^ 

?^ -^iL!^ * °' """^""^ '^'^ whichever lower, of not higher than 200 -C. particularly from 80 to 

190 C. The aromatic polyester may be either crystalline or amorphous but is preferably transparent ^ ' *^ '° 

fo255?ZtTrlc*I!i!S'!r'^^^^^ terephthalate for general purpose normally exhibits a softening point of 220 
fo255 Cthat.snotsuitedfbrthepreparationprocessofthepresentinvention.Whenaspecialpdyethyleneterephtha 
having a softening point as low as not higher than 200 'C is used in the process for thTprepSafen ^S^^ 
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the present invention, a non-colored high molecular excellent lacBc copolymer can be obtained. The melting point as 
defined herein is determined by differential scanning calorimetric analysis (DSC). 

In the present invention, a high molecular lactic polyester having a higher molecular w/eight can be provided by 
subjecting at least one polyvalent cartxjxylic acid and/or acid anhydride thereof in combination to esterif ication Further 
since branches are introduced into the polyester, the molecular-weight distribution of the polyester is widened Moreover' 
a metal reacts with a carboxyl group having 1 or more functionalities in the polyvalent carboxyiic acid and/or add anhy- 
dride thereof to lonomerize the polymer. As a result, the polyester can be formed Into a film or sheet having excellent 
physical properties. 

Examples of the polyvalent carboxyiic acid having 3 or more functionalities and/or acid anhydride thereof include 
trimesic acid, propanetricarboxylic acid, trimellitic acid, trimellitic anhydride, pyromellitic acid, pyromellitic anhydride 
benzophenonetetracarboxyOc anhydride, cyclopentatetracartxjxyllc anhydride. 1 .3.5-cyclohexanetricarboxylic add' 
cydohexanetetracarboxylic acid, and cyclohexanetetracarboxylic anhydride. Particularly preferred among these com- 
pounds are trimellitic anhydride, and pyromellitic anhydride. These polyvalent carboxyiic add and/or acid anhydride 
thereof may be used in admixture as necessary. 

The polyfunctional isocyanate as used herein preferably has two or more isocyanate groups, particulariy only iso- 
cyanate groups as functional groups. In order that the resulting urethane bond-containing lactic polyester substantially 
has a linear structure, a bifunctional isocyanate is preferred. 

Specific examples of such an isocyanate include hexamethylene diisocyanate, tolylene-2.4-diisocyanate tdylene- 
2.5-diisocyanate, toluene diisocyanate. xylylene diisocyanate. diphenylmethane diisocyanate. 1.5-naphthylene diisocy- 
anate. isophorone diisocyanate. hydrogenated diphenylmethane diisocyanate. diisocyanatennodified polyether diiso- 
cyanate-modified polyester, and mixture thereof. 

In Older to obtain an urethane-containing lactic copolymer polyester which exhibits a high thermal stability during 
formation, a polyfunctional isocyanate having 3 or more functionalities can be preferably used in particular 

In this case, the resulting polymer is branched. In order to obtain such a polymer, a compound obtained by modifying 
a polyvalent alcohol by a bifunctional isocyanate. e.g., bifuncttonal isocyanate-modified pentaerythritol. the fbregoina 
polyvalent isocyanate-modified polyether, similar polyvalent isocyanate-modified polyester, etc. can be used 

As the polyfunctional isocyanate (E) employable in the present invention there can be used a combination of several 
polyfunctional isocyanates. For example, a small amount of an isocyanate having 3 or more functionalities may be used 
lIld^uteTweight'*'^ ^ bifunctional isocyanate to cause reaction without gelation, making it possible to provide a higher 

Preferredconditionsof thepolyesterterminatedby hydroxylgroupatboth ends, the polyvalent caitoxylic add having 
3 or more functionalities, the diisocyanate. the polyvalent isocyanate having 3 or more functionalities and the desired 
high molecular lactic copolymer polyester according to the present invention will be described hereinafter 
, JSJl^®®'^ terminated by hydroxyl group at both ends (Bl ) preferably has a weight-average molecular weight of 
from 10.000 to 200.000 or a number-average molecular weight of from 5.000 to 100.000 for the purpose of increasing 
the molecular weight of the resulting lactic copolymer. 

From the standpoint of the solubility and ease of preparation of the polyester terminated by hydroxyl group at both 
ends, the polyester terminated by hydroxyl group at both ends (Bl) preferably has a weight-average molecular weight 
of from 20.000 to 1 00.000 or a number-average molecular weight of from 1 0.000 to 50.000. 

. ^o!!?® °' ^^'^^^ *° polyester terminated by hydroxyl group at both ends (Bl) is preferably from 50/50 
to 98/2 to raise the molecular weight of the resulting high molecular lactic copolymer. More preferably, the ratio of (A)/(B1 ) 
IS from 65/35 to 98^ to enhance the transparency of the resulting high molecular lactic copolymer 

The proportion of the polyvalent carboxyiic add having 3 or more functionalities and/or acid anhydride thereof (C) 
in the preparation process as defined above (1) and (2) is preferably from 0.001 to 5 % by weight based on 100 % by 
weight of the sum of the amount of the lactide (A) and the polyester terminated by hydroxyl groip at both ends (81) 
More preferably, the proportion of the polyvalent caiboxylic acid having 3 or more functionalities and/or add anhydride 

hereof (OisfromCOOl toO.1 %by weight to enhance the molecularweight and flexibility ofthe resulting high molecular 
lactic copolymer. 

The polyester terminated by hydroxyl group at both ends (B2) obtained by the reaction ofthe polyvalent carboxyiic 
^flLu^lI!? "^'^ functionalities and/or acid anhydride ttiereof (C) with the polyester terminated by hydroxyl group 
at both ends (81 ) preferably has a weight-average molecular weight of from 1 0,000 to 300.000 for fhe purpose of increas- 
ing the molecular weight of the resulting lactic copolymer. 

From the standpoint of the solubility and ease of preparation of ttie polyester terminated by hydroxyl group at botii 
ends, the polyester preferably has a weight-average molecularweight of from 20.000 to 150.000 or a number-average 
molecular weight of from 1 0.000 to 80.000. 

♦ oo!Uf *° P°'y®s*®f terminated by hydroxyl group at both ends (82) is preferably from 50/50 

to 98/2 to raise the molecular weight of the resulting high molecular lactic copolymer. More preferably, the ratio of (A)/(B2) 
IS from 65/35 to 98^ to enhance the fran^rency of ttie resulting high molecular lactic copolymer 
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The proportion of the polyvalent carboxylic add having 3 or more functionalities and/or acid anhydride thereof (C) 
in the preparation process as defined above (3) is preferably from 0.001 to 5 % by weight based on 100 % by weight of 
the polyester temilnated by hydroxyl group at both ends (B1 ). More preferably, the proportion off the polyvalent carboxylic 
acid having 3 or more functionalities and/or acid anhydride thereof (C) is from 0.001 to 0. 1 % by weight, particularly from 
5 0.00 1 to 0. 1 % by weight to enhance the molecular weight and flexibility of the resulting high molecular lactic copolymer 

The high molecular polyester terminated by hydroxyl group at both ends (B3) obtained by allowing the polyvalent 
carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C), the dicaiboxylic acid and the did to 
undergo dehydration reaction and deglycolation reaction preferably has a weight-average molecular weight of from 
10.000 to 300.000 or a number-average mdecuiar weight of from 10,000 to 100.000 for the purpose of increasing the 
10 molecular weight of the resulting lactic copolymer. 

More preferably, the resulting high molecular polyester (B3) has a weight-average molecular weight of from 20.000 
to 150.000 or a number-average mdecuiar weight of from 10,000 to 50,000 from tiie standpoint of the solubility and 
ease of preparation thereof. 

The ratio of the lactide (A) to tiie polyester terminated by hydroxyl group at both ends {B3) is preferably from 50/50 
15 to 98/2 to raise the mdecuiar weight of the resulting high molecular lactic copdymer. More preferably, tiie ratio of (A)/(B3) 
is from 65/35 to 98/2 to enhance tiie transparency of tine resulting high molecular lactic copolymer. 

The proportion of tiie polyvalent cartK)xylic add having 3 or more functionalities and/or acid anhydride thereof (C) 
in the pdyester terminated by hydroxyl group at both ends (B3) is preferably from 0.001 to 5 % by weight based on 100 
% by weight of tine total weight of the dicarboxylic acid or add anhydride thereof. More preferably, tiie proportion of the 
20 polyvalent cartwxylic acid having 3 or more functionaHties and/or acid anhydride thereof (C) is from 0.0 to 1 %by weight 
to enhance the mdecuiar weight and flexibility of the resulting high molecular lactic copdymer. 

The polyester (B4) obtained by tiie reaction of ttie polyester terminated by hydroxyl group at both ends {B1) with 
the polyvalent isocyanate having 2 or more functionalities (E) preferably has a weight-average mdecuiar weight of from 
10.000 to 300,000 or a number-average molecular weight of from 10.000 to 100,000 for the purpose of increasing the 
25 molecular weight of the resulting lactic copolymer 

More preferably, tiie resulting high molecular polyester (B4) has a weight-average molecular weight of from 20,000 
to 150,000 or a number-average mdecuiar weight of from 10,000 to 50.000 from ttie standpoint d the sdubility and 
ease of preparation thereof. 

The ratio of the lactide (A) to tiie polyester terminated by hydroxyl group at botii ends (84) containing the polyvalent 

30 isocyanate having 2 or more functionalities (E) is preferably from 50/50 to 98/2 to raise the mdecuiar weight of the 
resulting high molecular lactic copdymer pdyester More preferably, the ratio of (A)/(B4) is from 65/35 to 98^ to enhance 
the transparency d the resulting high mdecuiar lactic copdymer 

The proportion d tfie polyvalent isocyanate having 2 or more functionalities (E) is preferably from 0.01 to 5 % by 
weight based on the weight of the polyester terminated by hydroxyl group at both ends (B1). More preferably, the pro- 

35 portion of the polyvalent isocyanate having 2 or more functionalities (E) is from 0.1 to 3 % by weight to enhance the 
mdecuiar weight and flexibility of the resulting high mdecuiar lactic copdymer 

In the case where tiie lactide (A) and the polyester terminated by hydroxyl group at both ends (B1) are allowed to 
undergo ring opening copolymerization in the presence of a ring opening polymerization catalyst (D) to prepare a pd- 
yester having a weight-average molecular weight of from 10.000 to 300.000 which is then reacted with a polyvalent 

40 isocyanate having 3 or more functionalities (F). the proportion of tfie polyvalent isocyanate having 3 or more functionalities 
(F) IS preferably from 0.01 to5%by weight, more preferably from 0.1 to 3 % by weight based on the sum of the amount 
of the lactide (A) and tiie polyester terminated by hydroxyl group at both ends (81) to raise the mdecuiar weight and 
flexibility of tiie resulting high molecular lactic copolymer 

The desired high molecular lactic copolymer pdyester preferably has a weight-average molecular weight of from 

#5 20.000 to 600,000 or a number-average mdecuiar weight of from 10.000 to 300.000. Taking into account the fact that 
the high molecular lactic copolymer polyester exhibits a reduced mdecuiar weight when formed or molded, the workability 
thereof or the physical properties such as strength of the formed or molded product, tiie high molecular lactic copolymer 
polyester preferably has a weight-average mdecuiar weight of from 50,000 to 500,000 or a number-average molecular 
weight of from 30,000 to 250.000. 

?o The polymerization reaction is preferably effected in the presence of a ring opening pdymerization catalyst (D) 
Examples of tfie ring opening pdymerization catalyst (D) employable in the present invention indude cyclic ester ring 
opening pdymerization catalysts, metals such as tin. zinc, lead, titanium, bismuth, zirconium and germanium and deriv- 
atives thereof which are known as ester exchange catalysts, etc. These metal derivatives can be used as catalysts of 
the present invention. Particularly preferred among tiiese metal derivatives are organic metallic compounds metallic 

iS carbonates, metallic oxides, metallic halides, etc. Specific examples of these metal derivatives indude tin octanoate tin 
chloride, zinc chloride, zinc acetate, lead oxide, lead caibonate. titanium chtoride. alkoxytitanlum, germanium oxide and 
zirconium oxide. 

The amount of ttie ring opening polymerization catalyst (D) is preferably from 0.005 to 0.2 % by weight basad on 
1 00 % by weight of tfie sum of the amount of tiie lactide (A) and tiie polyester terminated by hydroxyl group at both ends 
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((B1). {B2). (B3). or (B4)) and/or the polyvalent caiboxylic add having 3 or more functionalities and/or acid anhydride 
thereof (C) or the polyvalent isocyanate having 2 or more functionalities (E) or the polyvalent isocyanate having 3 or 

morefunchonalittes(nJnordertoprovideasuffkaently high polymerization rate and minimizethe coloring of theresulting 
lactic polyester, the amount of the ring opening polymerization catalyst (D) is particularly preferably from 0 01 to 0 1 % 
by weight. 

In the case where the polyvalent caiboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) 
IS reacted w.th the polyester terminated by hydroxyl group at both ends (B1) or the polyvalent carboxyllc acid having 3 
or more functionalities and/or acid anhydride thereof (C), the dicarboxylic acid and the did are allowed to undergo 
dehydration reaction and deglycolation reaction to prepare a polyester, a catalyst is preferably used 

As the catalyst employable in the present invention there may be used any catalyst generally known as an esteiifi- 
caton catalyst. Examples of such a catalyst include organic or inorganic compounds of at least one metal selected from 
the group consisting of tin. zinc. lead, titanium, antimony, cerium, germanium, cobalt, manganese, Iron, aluminum mag- 
nesium, calaum and strontium. For example, metal alkoxides. organic acid salts of metal, chelates, metal oxid^ etc 
may be used. Particularly useful among these compounds is organic titanium conpound such as alkylester titarate 
titanium oxy acetyl acetonate. and titanium oxalate. 

The added amount of the catalyst is preferably from 0.001 to 0.5% by weight based on 100% by weight of the sum 
of the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C). the dicarboxylic acid 
or acid anhydnde thereof and the diol. In order to provide a sufficiently high polymerization rate and minimize the coloring 
of the resulting lactic polyester, the added amount of the catalyst is particularly preferably from 0.01 to 0 1 % by weight 

In the case where the polyvalent isocyanate having 2 or more functionalities (E) or the polyvalent isocyanate having 
3 or more functonalities (F) is used, a catalyst is preferably used. As the catalyst employable in the presert invention 
there may be used any catalyst generally known as an urethanation catalyst. Examples of such an urethanation catalyst 
include organic or inorganic compounds of at least one metal selected from the group consisting of tin zinc lead and 
titanium. For example, metal alkoxides. organic acid salts of metal, chelates, metal oxides, etc. may be used Particularly 
useful among these compounds is organic tin compound such as dibutyltin dilaurate and tin octanoate. 

Specific examples of the preparation process will be sequentially described hereinafter 

In the case where the lactide (A) and the polyester ((B1). (B2), (B3) or (84)) are polymerized as essential compo- 
nents the polymenzation temperature is preferably from not lower than the melting point of the lactide to not higher than 
ffu . *® ?^ *® ^ polymerization. If the polymerization temperature falls within this range, the coloring 

^ f*' polyester due to the decomposition reaction can be inhibited. Since the melting point of the lactide is near 
1 00 'C. the polymerization temperature is preferably from not lower than 1 00 to not higher than 1 85 «C more preferably 
from 145 'C to 180 'C in the light of the balance of polymerization. Thus, the lactic polyester can be prevented from the 
reduction of molecular weight or coloring due to decomposition reacfion. 

In the case where the lactide (A), the polyester terminated by hydroxyl group at both ends (81) and the polyvalent 
Miboxylicacid having 3 or more functionalities and/or acid anhydride thereof (C) aremixed atonce before polymerization 
the mixture is heated and melted or stirred witti a solvent, followed by »ie addition of the ring opening polymerization 

In tills case, since the lactide (A), the polyester temiinated by hydroxyl group at both ends (81 ) and the polyvalent 
carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) can be subjected to polymerization at 
p"iertl^" '^^^"^ possible and thus this process is particulariy preferred from the standpoint of production 

In the case where the lactide (A) and the polyester terminated by hydroxyl group at both ends (81 ) are allowed to 
undergo nng opening copolymerization in ttie presence of a ring opening polymerization catalyst (D) to prepare a high 
molecular lactic copolymer polyester having a weight-average molecular weight of from 1 0,000 to 300 000 which is ttien 
reacted with the polyvalent carboxylic acid having 3 or more functionalities and/or add anhydride thereof (C) the mixture 
of ttie lactide (A) and the polyester (81) is heated and melted or stirred in ttie presence of a solvent, followed by the 
addition of ttie ring opening polymerization catalyst (D). 

The reaction of the Wgh molecular lactic copolymer polyester witti ttie polyvalent cartjoxylic add having 3 or more 
functionalities and/or add anhydride thereof (C) is. when the polymerization is effected in the absence of solvent con- 
ducted at a temperature of from 100 -C to 210 'C for from 10 to 180 minutes witti stirring. In this case, the reaction can 
be advantageously effected under reduced pressure to provide a higher reacfion rate. On the other hand, in the case 
where the polymenzation is effected in the presence of a solvent, the polymerization is preferably effected at a temper- 
ature of from 80 'C to 210 'C for from 1 0 to 180 minutes. The reaction may be effected optional^ in ttie presence of a 
catalyst. 

The foregoing process differs from the process which conprlses tfie reaction of a condensed polyester of a hydrox- 
ycarboxylic aad such as polylactic acid witti a polyvalent carboxylic acid and/or acid anhydride ttiereof. In ttie process 
of Uie present invention, the polyester to be reacted witti ttie polyvalent carboxylic acid having 3 or more funcb-onalities 
and/or acid anhydride ttiereof (C) is terminated by hydroxyl group at both ends. Thus, many reactive end groups can 
take part in tiie reaction. Therefore, all the polymer chains can be advantageously connected to each other 
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In the case where the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) 
is reacted with the polyester terminated by hydroxyl group at both ends (B1). followed by the copolymerizatlon with the 
lactide (A), the polyester terminated by hydroxyl group at both ends (B1) is prepared, and the polyvalent carboxylic acid 
having 3 or more functionalities and/or acid anhydride thereof (C) is then heated and melted with the polyester (Bl) or 
mixed with the polyester (Bl) in the presence of a solvent, optionally followed by the addition of a catalyst, before reaction. 

In the case where the polymerization is effected in the absence of solvent, the polymerization is effected at a tem- 
perature of from 100 «C to 210 »C for from 10 to 180 minutes with stimng. Inthiscase. the reaction can beadvantageously 
effected under reduced pressure to provide a higher reaction rate. In the case where the polymerization is effected in 
the presence off a solvent, the polymerization is preferably effected at a temperature of from 80 ^'C to 21 0 for from 1 0 
to 180 minutes. In the case where the polymerization product and the polyester terminated by hydroxyl group at both 
ends (B2) obtained by the reaction of the lactide (A) with the polyvalent carboxylic acid having 3 or more functionalities 
and/or acid anhydride thereof (C) are mixed for polymerization, the mixture is heated and melted or stirred with a solvent, 
followed by the addition of the ring opening polymerization catalyst (D). 

In accordance with the foregoing process, when the polymerization product is polymerized with the polyester ter- 
minated by hydroxyl group at both ends obtained by the reaction of the lactide with the polyvalent carboxylic add having 
3 or more functfonalities and/or acid anhydride thereof, an ester exchange reaction occurs to obtain a homoaeneous 
copolymer. 

In the case where the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride (C) is allowed 
to undergo dehydration reactfon and deglycolation reaction with the dicarboxylic acid and the did. followed by the copo- 
lymerizatlon with the lactide (A), the dehydration reaction of the polyvalent carboxylic acid having 3 or more functionalities 
and/or acid anhydride thereof (C) with the dicarboxylic acid and the diol is preferably effected at a temperature of from 
1 60 X to 250 "^^C for from 5 to 1 6 hours in an atmosphere of inert gas. 

The deglycolation reaction is effected under a reduced pressure of not higher than 5 Ton- at a temperature of from 
170 *C to 260 «»C for from 2 to 16 hours. The polyester terminated by hydroxyl group at both ends (B3) thus obtained 
and the lactide (A) are heated and melted or mixed in the presence of a solvent followed by the addition of the ring 
opening polymerization catalyst (D). 

In the case where the polyvalent isocyanate having 2 or more functionalities (E) is reacted with the polyester termi- 
nated by hydroxyl group atboth ends (Bl). followed by theoopolymerization with the lactide (A), the polyvalent isocyanate 
having 2 or more functionalities (E) is heated and melted with the polyester terminated by hydroxy! group at both ends 
(B1) or mixed with the polyester (Bl) in the presence of a solvent, optionally followed by the addition of a catalyst before 
the preparation of the polyester (B4). 

The foregoing reaction is preferably effected at a temperature of from 80 ''C to 210 X for from 10 to 180 minutes 
with stin-ing. In the case where the lactide (A) and the polyester (B4) are mixed for polymerization, the mixture is heated 
and melted or stirred in the presence of a solvent, followed by the addition of a ring opening polymerization catalyst (D) 
In this process, when the lactide and the polyester (84) are mixed, an ester exchange reaction occurs to obtain a homo- 
geneous copolymer. 

In the case where the lactide (A) and the polyester terminated by hydroxyl group at both ends (81) are allowed to 
undergo ring opening copolymerization in the presence of a ring opening polymerizatfon catalyst (D) to prepare a high 
molecular lactic copolymer polyester having a weight-average molecular weight of from 1 0.000 to 300.000 which is then 
reacted with the polyvalent isocyanate having 3 or more functionalities (F), the mixture of the lactide (A) and the polyester 
(Bl) IS heated and melted or stinred in the presence off a solvent, followed by the addition of the ring opening polymeri- 
zation catalyst (D). 

The reaction of the high molecular lactic copolymer polyester with the polyvalent isocyanate having 3 or more func- 
tionalities (F) follows the heating and melting of the mixture of the polymerization product with the polyvalent isocyanate 
(F) or the stirring of the mixture in the presence of a solvent. The reaction is preferably effected at a temperature of from 
80 to 210 '^C for from 10 to 180 minutes. The reaction may be effected optionally in the presence of a catalyst. 

The foregoing process differs from the process which comprises the reaction of a condensed polyester of a hydrox- 
ycartjoxylic acid such as polylactic acid with a polyvalent carboxylic acid and/or acid anhydride thereof. In the process 
of the present invention, the polyester to be reacted with the polyvalent isocyanate having 3 or more functionalities (F) 
IS terminated by hydroxyl group at both ends. Thus, many reactive end groups can take part in the reaction. Therefore, 
all the polymer chains can be advantageously connected to each other. 

The high molecular lactic copolymer polyester obtained by the foregoing preparation process has a weight-average 
molecular weight of from 20.000 to 600.000 to maintain its formability or moldability and the strength or flexibility of the 
formed or molded product. Taking into account the reduclfon of the molecular weight during formation, the high molecular 
lactic copolymer polyester preferably has a weight-average molecular weight of from 50.000 to 600,000. 

In order to prevent the decomposition and coloring of the lactide. the optimum atmosphere in which the polymeri- 
zation thereof and the reaction thereof with the polyvalent carboxylic acid having 3 or more functionalities and/or add 
anhydnde thereof (C), the polyvalent isocyanate having 2 or more functionalities (E) or the polyvalent isocyanate having 
3ormorefunctionalities (F) can occurisadried inert gas. In particular, tiie reaction is preferably effected in an atmosphere 
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anddiiedbeforeuse. <>^ thereof as a starting material is preferably dehydrate 

^ yaoe nerem inciuae benzene, toluene, ethylbenzene, xylene, cyclohexanone. methyl ethyl ketone, and isopropyl 
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reaction solution is then transferred from the f rst vessel to a second vessel by means of another pump. The reaction 
solution is then transferred from the second vessel to a third vessel by means of another pump, and so on. 

Another example of the agitated reaction vessel is a filling type agitated reaction vessel. This is an apparatus com- 
prising a series connection of a multiple of reaction vessels between which the reaction solution is transfen^ed by means 
of a single pump. A single pump may be used to feed the starting material into the reaction vessels. Further, the reaction 
can be effected in a closed system. Thus, the charging of starting material, reaction, degasification and polymer pelleti- 
zation can be effected without coming Into contact with the external atmosphere. This is an advantage which cannot be 
obtained by the conventional batch type reaction vessel. Thus, this is a continuous polymerization process extremely 
suitable for the preparation of a decomposable polymer of the present invention which can be decomposed by heat, 
oxygen or water content. 

As another exanple of the continuous production process there is preferably used one employing a static mixer. 

The term "static mixer" as used herein is meant to indicate a static mixing machine free of mobile portion, i.e., 
agitator, as opposed to mixing machine equipped with agitator. More particularly, it is a mixer equipped witfi a mobile 
portion-free mixing element fixed in a pipe. The mixing element is adapted to split the flow and change or invert the 
direction of flow. Thus, the flow is divided axially or crosswise, and its direction is then changed or inverted. This procedure 
is repeated to mix the solution. Some static mixers are equipped with a jacket at around the pipe for heat exchange. In 
some static mixers, the mixing element is equipped with a heat exchange tube through which a heating medium passes. 

The static mixer is generally tubular. It comprises a linear connection of a plurality of static mixers. In operation, the 
starting material is continuously supplied through an intake in an atmosphere of inert gas so that the resulting polymer 
continuously moves in the static mixer. In tfiis manner, the operation can be continuously effected withojt coming into 
contact with the external atmosphere through the procedure consisting of the-charging of starting material, polymeriza- 
tion, degasification, and polymer pelletization. 

In the preparation of the high molecular lactic copolymer polyester of the present invention, the polymerization 
apparatus equipped witfi a static mixer can be singly used to effect all polymerization reactions. However, the static 
mixer can be an-anged such that polymerization is effected by a polymerization vessel equipped with an ordinary agitator 
in the initial stage of polymerization where a relatively low polymer viscosity is developed while polymerization is effected 
by a polymerization apparatus equipped witii a static mixer in the latter stage of polymerization where a high polymer 
viscosity is developed to exert a remarkable agitating effect particularly in the latter stage of polymerization where a high 
polymer viscosity is developed. Therefore, a continuous polymerization apparatus comprising a static mixer connected 
to an agitated polymerization vessel may be used. 

The lactide, the polyester polymer and the resulting high molecular polyester can be easily solved in solvents. There- 
fore, polymerization can be effected with a solvent. The resulting high molecular lactic polyester exhibits a high melting 
point and a high melt viscosity and thus can hardly be polymerized. However, when provided witii a solvent, the polym- 
erization system exhibits a reduced viscosity and thus can be easily stirred and hence polymerized. 

In particular, the use of the continuous polymerization apparatus equipped witfi a static mixer requires a reduced 
extrusion pressure of tine polymerization solution or can simplify the anrangement of a polymerization apparatus equipped 
with an internal device for heating medium for the purpose of controlling temperature or a turning blade lor the purposed 
of agitation. 

Further, since the foregoing continuous polymerization apparatus can provide easy agitation, the temperature control 
can be easily effected, unifbrmalizing temperature therein. Thus, a less colored lactic polyester can be obtained. 

For the reaction witfi the polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof 
(C) or the polyvalent isocyanate (E) or (F). a line may be provided such a manner that the reaction component (C), (E) 
or (F) is added at its proper addition time. 

Preferred examples of the solvent employable herein include benzene, toluene, ethylbenzene. xylene, cyclohex- 
anone, methyl etiiyl ketone, metiiyl isobutyl ketone, and isopropyl ether. If the polymerization is effected with such a 
solvent, the polymerization rate is lowered. For ttie purpose of overcoming this difficulty, the polymerization temperature 
is preferably from 140 '^C to 195 ^C. 

The polymerization or reaction with tiie polyvalent carboxylic acid having 3 or more functionalities and/or acid anhy- 
dride thereof (C) or polyvalent isocyanate ((E) or (F)) can be inhibited by water content. Furtfier. a decomposition reaction 
is accelerated. Thus, the polymerization or reaction ispreferably effected in an atmosphere of dried inert gas. In particular, 
the polymerization or reaction is preferably effected in an atmosphere of nitrogen or argon gas or in a stream of inert gas! 

For the purpose of removing the lactide. solvent and malodorous substances remaining in the latter stage of polym- 
erization, degasification ispreferably effected under reduced pressure. The gasification process can reduce the content 
of remaining lactide. making it possible to remarkably enhance the storage stability of tiie resulting high molecular lactic 
polyester. 

The remaining lactide causes some troubles on tiie high nrralecular lactic polymer in sheet form. For example, the 
remaining lactide causes water content to be attached to the sheet. The water content ttius attached causes tiie hydrol- 
ysis of ttie sheet. Furtiier, the remaining lactide causes the sheet to be fused due to heat. Moreover, the remaining 
lactide can sublimate and scatter from the f Hm sheet made of the high molecular lactic polymer. Therefore, the content 
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of the remaining lactide in the high molecular lactic polyester of the present invention is preferably not more than 2 % 
by weight, more preferably not more than 1 % by weight. 

In some detail, degasification is preferably effected by withdrawing the resulting polymer while being heated under 
reduced pressure. In order to inhibit the reduction of the molecular weight of the high molecular lactic polyester, degas- 
ification is preferably effected at a temperature of from 145 "^C to 230 for from 2 to 30 minutes under a pressure of 
from 0.1 to 200 Torn Alternatively, degasification may be effected by pelletizing or grinding the high molecular lactic 
polyester thus polymerized, and then withdrawing the polyester while being heated under reduced pressure. 

In order to inhibil the reduction of the molecular weight of the high molecular lactic polyester, degasification is pref- 
erably effected at a temperature of from 60 to 200 °C under a pressure of from 0.1 to 50 Ton^ for from 2 to 400 minutes. 
This gasification process can reduce the content of the remaining lactide, which is normally about 2.5 %. to not more 
than 1 .0 %. even to not more than 0. 1 % as necessary 

During the preparation of the copolymer of the present invention, cyclic esters other than the lactide (A) may be 
added to prepare a high molecular lactic polyester. In particular, a lactone may be added in an amount of from 1 to 20 
% by weight for the purpose of softening the resulting polyester. 

The cyclic esters to be added other than the lactide are not specifically limited. Specific examples of these cyclic 
esters include cyclic dimers of hydroxy acid such as glycolide. and inner lactides such as e-caprolactone, y-valerolactone 
and rundecalactone. The more the content of lactone is. the lower is the glass transition point and the melting point of 
the resulting polyester, and the higher is the flexibility thereof. 

The preparation process of the present invention can provide products ranging from a high molecular lactic polyester 
having a high rigidity to a high molecular lactic polyester having a high flexibility. Examples of these products include 
polymers useful as general-purpose resins having decomposability and a tensile elasticity modulus of from 500 to 50,000 
kg/cm2, such as resin for wrapping material (e.g., sheet film), foamable resin, extrudable resin, injection-moldable resin, 
ink resin and laminating resin. The preparation process of the present invention is particularly useful for the preparation 
of polymers for wrapping material. 

The lactic copolymer polyester of the present invention can be easily extruded by T-die casting or tubular film process 
so that it is formed into sheet or film. Since the lactic copolymer polyester has a high hygroscopiclty and thus is liable 
to hydrolysis, it can be easily formed into a wrapping material such as sheet or film by means of an ordinary single-screw 
extruder However, the water content should be carefully controlled. 

As the screw to be used in the extruder there may be used an ordinary full-frighted screw having UD of from about 
20 to 30. The screw may be optionally vented. In the case where a single-screw extruder is used, dehumidification is 
preferably effected by a vacuum dryer or the like so that the water content in the starting material is controlled to not 
more than 50 ppm to avoid hydrolysis in the extruder. The optimum extrusion temperature depends on the molecular 
weight of the lactic copolymer polyester used and the amount of remaining lactide but is preferably not lower than the 
flow initiation temperature. 

In the T-die casting process, the sheet or film thus extruded is normally cooled over a temperature-controlled mirror- 
like surface or textured roll. In this process, an air knife may be used. Further, if a vented two-screw extruder is used, a 
high dehydration effect can be exerted, eliminating the necessity for pre-drying and hence enabling an efficient film 
formation. The tubular film process can be easily effected by means of an ordinary forming apparatus equipped with a 
circular die or air ring. There is no need of special accessory apparatus. In order to provide a uniform section, the die, 
air ring or winder may be rotated. 

The sheet or film thus formed may be monoaxially or biaxially oriented at a temperature of from not lower than the 
glass transition temperature thereof to not higher than the melting point thereof by a tentering method or tutxjiar film 
process. The sheet or film thus oriented can be provided with molecular orientation that improves the physical properties 
such as impact resistance, rigidity and transparency thereof. 

The orientation may be effected simultaneously or successively The orientation speed is not specifically limited. 
The stretch ratio is not specifically limited. In the case of biaxial orientation, the optimum stretch ratio is normally from 
2 to 4 in both lengthwise direction and crosswise direction. For films which need to be shrinked upon heating such as 
shrink film, a stretch ratio as high as from 3 to 6 is desirable in one direction or two directions. In order to enhance the 
heat resistance of the sheet or film, the sheet or film which has been oriented may be subjected to heat setting for the 
removal of stress or acceleration of crystallization. 

During the formation of sheet or film, an ordinary filler such as inorganic filler (e.g.. talc, calcium carbonate, silica, 
clay, diatomaceous earth, perllte) and organic filler (e.g., woodmeaQ may be incorporated in the material. Further, an 
oxidation inhibitor such as 2.6-di-t-butyl-4-methylphenol (BHT) and butyl hydroxyanisole (BHA). an ultraviolet absorbent 
such as salicylic acid derivative, benzophenone and benzotrlazole or a stabilizer such as phosphoric ester and carbo- 
diimide may be used to enhance the tfiermal stability during formation. 

The added amount of such a stabilizer is not specifically limited but is preferably from 0.01 to 1 % based on the 
weight of the high molecular lactic polyester. The high molecular lactic polyester of the present invention exhibit a suf- 
ficient plasticity as it is and thus exhibits a good melt-fbrmability In order to accelerate the softening of the product, a 
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plasticizer such as dioctyi adipate, dioctyl sebacate, trioctyl trimellrtate, diethyl phthalate, dioctyl phthalate. polypropyl- 
eneglycoladipic acid and butanediol adipate may be added to the material. 

Among these plasticizers. the polyester adipate plasticizer is desirable from the standpoint of formability or molda- 
bility and flexibility. In particular, a polyester adipate having a weight-average molecular weight of not more than 20.000 
with its ends blocked by alcohol has a good compatibility with the polymer and thus is particularly desirable. 

The added amount of such a plasticizer is not specifically limited. In order to avoid the elution of excessive plasticizer 
from the resin, i.e.. bleeding, the added amount of such a plasticizer Is preferably from 1 to 30 % based on the weight 
of the high molecular lactic polyester. 

Further, a metallic soap such as zinc stearate. magnesium stearate and calcium stearate, a lubricant such as mineral 
oil, liquid paraffin and ethylenebisstearamide, a nonlonic surface active agent such as glycerlnaliphatic ester and sucrose 
allphate, an ionic surface active agent such as alkylsulfbnic acid salt a coloring agent such as titanium oxkJe and carbon 
blacK etc. may be added to the material. 

A foamed product can be prepared by the addition of an inorganic foaming agent such as sodium bicarbonate and 
ammonium bicarbonate or an organic foaming agent such as azodicarbonamide, azobisisobutyronitrile and sulfonylhy- 
drazlde or by previously impregnating the polymer of the present invention with a foaming agent such as pentane, butane 
and Freon or by directly supplying such a foaming agent into the extruder during extrusion. The polyester of the present 
invention can be laminated with a paper, aluminum foil or other decomposable polymer films by extrusion lamination 
method, dry lamination method or co-extrusion method. 

The fabrication of the sheet thus formed can be accomplished by vacuum forming, pressure forming, vacuum pres- 
sure forming or the like. The formation of the lactic copolymer polyester of the present invention into sheet can be 
accomplished by means of a known apparatus for use in the pr^aration of sheet made of general-purpose resin. 

In the vacuum forming or vacuum pressure forming, plug-assist forming may be effected. The oriented sheet may 
be subjected to pressure forming. During the forming, the mold may be optionally heated or cooled. In particular, the 
mold can be heated to a temperature of not lower than the crystallization temperature to positively promote crystallization, 
making it possible to improve the heat resistance of the product. 

The fabrication of the film thus formed can be accomplished by an ordinary fabrication method. In some detail, the 
film can be heat-sealed by means of an ordinary bag making machine such as horizontal pillow type bag making machine, 
horizontal pillow type bag making machine and twist bag making machine to obtain a bag-shaped product In order to 
obtain a formed product other than sheet and film, an ordinary injection molding machine can be used to obtain a molded 
product such as vessel. The polyester of the present invention can also be easily blow-molded. In some detail, a single- 
layer or multi-layer bottle can be easily formed by the use of an existing blow molding machine. Referring to press 
molding, there is no special problem. In some d^ail, an ordinary press molding machine can be used to obtain a single- 
layer or laminated product. 

The high molecular lactic polyester obtained according to the present invention has a good biodegradabllity. Even 
if discarded after used as general-purpose resin or wrapping material or rejected and discarded from the production 
line, it can help reduce the amount of wastes. In particular, even if discarded into the sea. It Is hydrolyzed or decomposed 
by microorganism. When decomposed under the seawater, the polyester of the present invention can show a deteriorated 
resin strength In several months and thus can be decomposed to an extent such that the initial appearance Is not main- 
tained. 

The present invention will be further described In the following examples and comparative examples, but the present 
invention should not be construed as being limited thereto. The "parts" as used herein is by weight unless otherwise 
specified. 

The molecular weight was measured by a GPC measuring apparatus (hereinafter referred to as "GPC; column 
temperature: 40 ^'C; solvent: tetrahydrofuran) relative to polystyrene as a reference sample. 

The glass transition point and melting point were measured by means of differential scanning calorimeter (hereinafter 
refen-ed to as "DSC"). The percent heat loss was measured by a differential thermogravimetric analyzer (hereinafter 
referred to as TG/DTA" (The sample was heated at a rate of 1 00 •C/min. from 20 to 220 •C wherein it was then kept 
for 50 minutes)). 

For the tensile test a 200-iim thick film which had been prepared by subjecting the polyester to processing by a hot 
press at a temperature of from 1 60 to 1 70 **C under a pressure of 200 kg/cm2 for 2 minutes was subjected to test by 
a tensile testing machine (rate of pulling: 20 mm/mln.). The Vicat softening temperature test was conducted In accordance 
with A method of J IS K7206. As the test specimen there was used a dumbbell-shaped piece formed by a 1 -ounce 
injection molding machine. The machines as mentioned above are as follows: 

GPC: 

TOSOH HLC-8020 (available from TOSOH CORPORATION) 
DSC: 

DSC 200 (available from Seiko Instruments. Inc.) 
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TG/DTA: 

TG/DTA 220 (available from Seiko Instalments. Inc.) 
Tensile testing machine: 
Tensilon (availaWe from Toyo Seiki K.K.) 
5 Vicat softening tenperature: 

HDT VSPT TESTER (available from Toyo SeiW K.K.) 

In the following examples, any one of the following three polyesters was used for examination unless olhenwise 
specified. 

10 As the polyester comprising an aliphatic dicaitx>xylic add component there was used a polyester comprising 50 mol 
% of an adipic add component. 28 mol % of an ethylene glycol component and 22 mo! % of a neopentyl glycol component, 
having a weight-average mol^ular weight of 30,21 0 and a number-average molecular weight of 1 5,200. This polyester 
will be hereinafter referred to as "(P-l)". 

As the polyester comprising an aromatic dicart)Qxylic acid component and an aliphatic dicarboxyllc add component 

IS, there was used a polyester comprising 14 mol % of a terephthalic acid component. 16 mol % of an Isophthallc acid 
component, 20 mol % of an adipic acid component, 28 mol % of an ethylene glycol component and 22 mol % of a 
neopentyl glycol component, having a weight-average molecular weight of 45,200 and a number-average molecular 
weight of 24.700. This polyester will be hereinafter referred to as "{P-2)". 
The third polyester will be described later. 

20 

EXAMPLE 1 

(P-1) in an amount of 10 parts, L-lactkie In an amount of 90 parts, and pyromellitic anhydride in an amount of 0.002 
part based on 100 parts of the sum of the amount of L-lactide and (P-1 ) were mixed. These components were dissolved 

25 and mixed at a temperature of 1 75 **C for 0.5 hour in an atmosphere of nitrogen gas. To the reaction mixture was then 
added 0.02 part of tin octanoate as a ring opening polymerization catalyst. 

The reaction mixture was then allowed to undergo reaction at a temperature of 175 *C for 3 hours. The resulting 
copolymer was then withdrawn. The high mdecular lactic polyester thus obtained was a yellowish transparent resin. It 
was confirmed from the result of GPC that a high molecular lactic polyester had been produced having a weight-average 

30 molecular weight of 315,000 and a number-average molecular weight of 122,000, which are greater than that of the 
polyester conrprising an aromatic dicarboxylic add component and an aliphatic dicat1x)xyllc add component as starting 
materials. 

The result off GPC effected 3 hours after reaction shows that the fraction derived from the copolymer is single, 
demonstrating the production of a single copolymer. A small fraction derived from the remaining lactide was confirmed. 
35 It was also found that the high molecular lactic polyester has a glass transition point of about 56 *C and a melting pdnt 
of about 158 **C. The high molecular lactic polyester exhibited a tensile break stress of 41 %. a tensile break strength 
of 520 kgf/cm2 and an initial tensile elasticity modulus of 10,100 kgf/cn12. 

EXAMPLE 2 

40 

(P-2) in an amount of 5 parts. L-ladide in an amount of 93 parts, D-lactide In an amount of 2 parts, pyromellitic 
anhydride in an amount of 0.05 part based on 100 parts of the sum of the amount of the lactide and (P-2), and toluene 
In an amount of 20 parts were mixed. These components were then dissolved and mixed at a temperature of 175 *C in 
an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.02 part of tin octanoate as a ring 

45 opening polymerization catalyst. The reaction mixture was allowed to undergo reaction at a temperature of 175 *C for 
3 hours. After reaction, toluene was removed under reduced pressure. 

The high molecular lactic polyester thus produced was a colorless transparent resin having a weight-average molec- 
ular weight of 356.000 and a number-average molecular weight of 1 52,000. The high molecular lactic polyester exhibited 
a glass transition point of about 58 ""C. a melting point of about 160 ""C. a tensile break stress of 9.6 %. a tensile break 

so strength of 650 kgf/cmz and an initial tensile elastidty modulus of 13,000 kgf/cmz. 

EXAMPLES 

(P-1) in an amount of 30 parts. L-lactide In an amount of 68 parts, D-Iactlde in an amount of 2 parts, trimellltic 
55 anhydride In an amount of 1 part based on 100 parts of the sum of the amount of the lactide and (P-1). and toluene In 
an amount of 15 parts were mixed. These components were then dissolved and mixed at a temperature of 165 **C in an 
atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.02 part of tin octanoate as a ring 
opening polymerization catalyst. The reaction mixture was allowed to undergo reaction at a tenperature of 165 *C for 
3 hours. After reaction, toluene was removed under reduced pressure. 
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The high molecular lactic polyester thus produced was a colorless transparent resin having a weight-average molec- 
ular weight of 1 10,000 and a number-average molecular weight of 42.000. The high molecular lactic polyester exhibited 
a glass transition point of about 53 ""C. a melting point of about 150 ""C. a tensile break stress of 230 %, a tensile break 
strength of 490 kgf/cm2 and an inrtiat tensile elasticity modulus of 8,100 kgf/crri^. 

5 

EXAMPLE 4 

(P-2) in an amount of 5 parts. L-lactide in an amount of 93 parts. D-lactlde in an amount of 2 parts, and toluene in 
an amount of 15 parts were mixed. These components were then dissolved and mixed at a tenperature of 1 75 "^C in an 

10 atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.02 part of tin odanoate as a ring 
opening polymerization catalyst. The reaction mixture was allowed to undergo polymerization for 3 hours. The lactic 
copolymer polyester thus obtained had a weight-average molecular weight of 161 ,000. To the lactic copolymer polyester 
was then added pyromellitic anhydride in an amount of 0.002 part based on 100 parts of the sum of the amount of the 
lactkie and (P-2). The reaction mixture was then allowed to undergo reaction for 3 hours. After reaction, toluene was 

75 removed under reduced pressure. 

The high molecular lactic polyester tiius produced was a colorless transparent resin having a weight-average molec- 
ular weight of 51 7.000 and a number-average molecular weight of 215.000. The high molecular lactic polyester exhibited 
a glass transition point of about 59 'C, a melting point of about 158 "C. a tensile break stress of 12 %, a tensile break 
strengtii of 550 kgf/cmz and an initial tensile elasticity modulus of 1 1 ,900 l^/cm^. 

20 

EXAMPLE 5 

(P-1) in an amount of 30 parts, L-lactide in an amount of 70 parts, and toluene in an amount of 15 parts were mixed. 
These components were then dissolved and mixed at a temperature of 165 °C in an atmosphere of nitrogen gas for 0.5 

25 hour. To the reaction mixture were then added 0.03 part of tin octanoate as a ring opening polymerization catalyst. The 
reaction mixture was allowed to undergo polymerization for 3 hours. The lactic copolymer polyester thus obtained had 
a weight-average molecular weight of 73.000. To the lactic copolymer polyester was then added pyromellitic anhydride 
in an amount of 0.05 part based on 100 parts of the sum of the amount of the lactide and (P-1). The reaction mixture 
was then allowed to undergo reaction for 2 hours. 

30 After reaction, toluene was removed under reduced pressure. The high molecular lactic polyester tiius produced 
was a colorless transparent resin having a weight-average molecular weight of 1 45,000 and a number-average molecular 
weight of 70,100. The high molecular lactic polyester exhibited a glass transition point of about 54 ^C, a melting point 
of about 149 **C, a tensile break stress of 330 %, a tensile break strengtin of 470 kgf/cmz and an initial tensile elasticity 
modulus of 8.200 kgf/cm^. 

35 

EXAMPLE 6 

(P-1) in an amount of 5 parts, L-lactide in an amount of 93 parts. D-lactide in an amount of 2 parts, and toluene in 
an amount of 20 parts were mixed. These components were tiien dissolved and mixed at a temperature of 1 65 in an 
40 atmosphere of nifrogen gas for 0.5 hour. To the reaction mixture were then added 0.05 part of tin octanoate as a ring 
opening polymerization catalyst. The reaction mixture was allowed to undergo polymerization for 3 hours. The lactic 
copolymer polyester thus obtained had a weight-average molecular weight of 1 61 ,000. To the lactic copolymer polyester 
was tiien added pyromellitic anhydride in an amount of 0.5 part based on 100 parts of tiie sum of the amount of the 
lactide and (P-1). The reaction mixture was then allowed to undergo reaction for 2 hours. After reaction, toluene was 
45 removed under reduced pressure. 

The high molecular lactic polyester tiius produced was a coloriess transparent resin having a weight-average molec- 
ular weight of 327,000 and a number-average molecular weight of 1 1 9.000. The high molecular lactic polyester exhibited 
a glass transition point of about 57 'C, a melting point of about 156 *»C, a tensile break stress of 18 %, a tensile break 
strengtii of 51 0 kgf/cm2 and an initial tensile elasticity modulus of 1 3,000 I^/cm2. 

50 

EXAMPLE 7 

(P-1) in an amount of 20 parts and toluene in an amount of 15 parts were mixed. These components were then 
dissolved and mixed at a temperature of 100 °C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture 
55 were then added trimellitic anhydride in an amount of 0.002 part based on 1 00 parts of (P-1) and tetraisopropyl titanate 
as a catalyst in an amount of 0.005 part. The reaction mixture was then allowed to undergo reaction at a temperature 
of 1 20 for 2 hours. The polyester thus obtained exhibited a weight-average molecular weight of 54, 1 00 and a number- 
average molecular weight of 19,400. 
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The high molecular lactic poWr thus Droduci w^^^^^^ 

weight Of 1 68.000 and a oZJ^Je^^JtSaT^^^^^^^^ '^'"^ ' weight-average ^lecular 

7.900 kgf/cm2. ^ °* ^^0 kgf/cm2 and an initial tensile elasticity modulus of 
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15 



20 



25 



30 



35 



40 



45 



dissr2r.sr;'^^r^^^^^^^^ 

were then added pyromelliti7anhydrWe in an amount T^^Zr. h °^ ^° ^^^^t^^" 

catalyst in an amount of 0.001 paTl^e eaction^Si^I v^l^J^^^JV^V^ ^'^'^J «" ^^noate as a 
•C fbr2 hours. The polyester thus obtaJ. JISSI^ ^ *° ""^^^9° f®«cti°" ^ ^ temperature of 120 

molecularweighttJaaSr 

ocJr a?lCo:™"^^^^ ™ ^^O^S^r^^ - ^ - 

toundergoreactionatatempLtureof17?4fS3hr.i The reaction mixture was then allowed 

The high molecular lacticpX^ter^usp^^^^^ 
weight of 325.000 and a ^TJ^^^ZTZllT^u^^Z^^^^ 'r'"^ ' weight-average Secular 
glass transition point of about 56 -C arrZT^t.7^^^^\ ^^^- ^® ^'^^ "lolecular lactic polyester exhibited a 
s.rengthof560kgf/cn..andanin.iS\:nrelsrt;:;^u^^ 

EXAMPLE q 

charged. The reaction mixture was l^B^Bvl^^i^^rfunT^ T °^ t^fj^^^^'^'' ^nhy6r\6B component were 
8.1. To the reaction mixture was theHdd^ Too^m Jl2^^ °^ ^""^ *° ^10 "C to have an add value of 
to undergo reaction atatempe?at^re<Sfrom2?5?^^^^ 

deglycolation reaction under a pressure of 0 5 Torr fo^fhouS "^"^^ "^^"^ 

nu^'^rr^JS weight of 118.000 ar. a 

were then added 90 parts of L-lactide and 15 oZ^^Zu!n^T^^l ^ ^ ^ ° ^°P^»sof thepolyesterthusobtaihed 
at a temperature of 1 75 -C In an atmosphere'^f n^^^^^^^^^ f^?25 hTrr't '"''^^ 
0.02 part of tin octanoafe as a ring opening oZZS^^^l^'^^ \I° -"'^"'^e were then added 

reaction for 3 hours. To the reaction mL?e wSn f^p^^^^ J^f «"°wed to undergo 

a glass transition |»lnt olal»i«55 -C. a meltingSioTSo^lK^'iS^ , f lactic polyesle,e«Wl«ed 

str^^hof 460 »«anhi,ia,,«^,.eSS;ll*,°^;?,^ 
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55 



conp^rrm^i^ifLt;^;?^^^^^^^ 

Thereaction mixture was then LteTffiL'C^rJu^^^^ 

reaction mixture was then added 1 00 oom of tetrafennmL «r . 1 C to have an acid value of 9.1 . To the 

deglycolatfon reaction at a tenS^atSrS'^Jf^^lTs?^^^^^^ T^Zl "^'^ »° ""^-9° 

The aliphatic polyester thus obtained eSted a w^Sn LS ^^ ^^^^^ 
molecular weight of 16.500 {^J^^^ r^^^to^-^'t^^^ ^"^^ ^"^ ^ number-average 

added 68 parts of L-lactkle. 2 oarts of 04,^7^,:. ill' '.."T P^!!.' P°'y«ste^ obtained were then 
and mixed at a temperature of us 'C in an Smosohe Lf nTmln These components were was then dissolved 
added 0.02 part of tin octanoafe as a nnn nnT^n f ^ "^o the reaction mixture were then 

undergo rea^bon lor 3 hS^ ' ^"""'"^ polymenzatron catalyst The reaction mixture was then all^^ to 
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wasfc^IoSr^nlZm^ ^« — '^ct. po„ester thus p„x,uced 
weight (rf 101.00oXh,ghmoSriarS^ 

of about 152 »C, a tensile break Sei 2^0^ ?i ^? . of about 53 'C, a melting point 
modulus of 7.8(^ k^c,S ° ^" ^ '''"^'^ 



EXAMPLE 11 



^0 agitJt"err:S:';:r^^^^^^^ -nec«on of three filling type 4-. capacity 

a1/2 inch static mbrer(l5>nigs lyi^ate^^^ 

The starting materials we^nSJ^e^Srifr^^^ NorrtakeCo.. Ltd.) and two degasHication tanks were used. 

polymer werediLlvedintreneTatCer^^^^^^^ "^"T- '"'^''^""^ " ^ydroxyl^ntaining 

whichwasthensuppliedimothefiSre2^SnII»lcl? ^'"^^*'"°5P'^e''eo*n'fro9en gas to obtain a 15% solution 
IS timeofthestarting'lteriSswasT^^^^^^^^^ 

thefirst reactor. An addition line^spr^Si^IIthet^^ 

can be added to the material. • reaction vessel such that pyromellitic anhydride 

The supplied amount of these components were as Iblkwvs- 
Starting material supply flow rate: 1.5 i/hr. 
so Catalyst supply flew rate: 0.5 mtlbr. 

Pyromellitic anhydride supply flow rate: 5.00 g/hr 
"'utS.^T'"'' Mroxyl-containing polymer components used were as follows: 

D-lactide: 4 % 
25 Hydroxyl-containing polymer: 10 % 

Toluene: 13% 

gear pump. aiscnarge ena at the top of the final reaction vessel by means of a 

The three reaction vessels used were temperature-controlled as follows- 
neaction temperature 
35 In first reaction vessel: 1 55 "C 

Reaction temperature 
in second reaction vessel: 155 *C 
Reaction temperature 
in third reaction vessel: 165 *C 
Reaction temperature 
in the static mixer: 165 *C 

Of the heat'exchanger pSS^° elSe se^^l 'tS^ 1°^ '""^ ""'^"'^ *° ' ^° ^« '^"^^^ 
« cation tank was evacuated to 8 T^ ^ *°"^^^^^ 

pellel^hrS^at^t^^^^^^^^^ 

colorless transparent resin having a ^^hx^^^nll^T '^ct'c Po'vester thus produced was a 

weight Of lOlSo. The high m^uSS ^"Sr^^S 'T^' number-average molecular 

0 of about 152 -C. a tensile break stress of ^Vv f"*"*! a glass transition point of about 53 'C. a melting point 
modulus Of 1 1 .800 S/<Im2 ° ' '^"^^ °' ^00 kgf/cm2 and an initial tensile ela^ciJy 
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55 



eri«^o":rr^rnrs1rii"r^^^^^^ Of a cirCating polym- 

cm. equipped wftTa circulating ^eS^pu^ j^Sa^^^^^^^^ '""'^ ^'""'^^^ °* a length oJeo 

having an inner diameter of ^4 in J^ra^erttiTso ^^^^^^^^ comprising a series connection of two static mixers 

porated) directly connected to the^at n^^^^^^ ""^ ^' ^ ^ ^'^--ts incor- 
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The catalyst was mixed into the main starting material shortly before the main starting material supply pump by 
means of a static mixer having an inner diameter of 1/4 in. and a length of 15.5 cm (available from Noritake Co.. Ltd.; 
12 mixing elements incorporated). 

A main starting material solution was prepared in an atmosphere of nitrogen gas. In some detail. 78 parts of L- 
5 lactfde. 4 parts of D-lactide, 1 8 parts of a 50 % toluene solution of an aliphatic polyester which had been processed with 
trimeliitic add to have a higher molecular weight (29 mol % of adipic acid component, 20 mol % of succinic acid com- 
ponent. 30 mol % of ethylene glycol component, 20 mol % of neopentyl glycol component. 0.3 mol % of trimeliitic acid 
component; weight-average molecular weight: 53,500; number-average molecular weight: 16.500) (hereinafter referred 
to as "(P-e)"). and 0.04 part of zinc 2-ethylhexanate as a catalyst were subjected to continuous polymerization under 
10 the following conditions: 

Main starting material supply flow rate: 400 m//hr. 
Catalyst supply flow rate: 1 .6 m^r. 
Reaction temperature: 160 ""C 
Rate of flow to be circulated in 
IS circulating polymerization line: 2 £/hr. 

Reflux ratio: 5 

The polymer solution thus obtained was then introduced into an apparatus comprising a heat exchanger and a 
degasif ication bath by an Insulated gear pump for high viscosity so that it was degasifficated. The temperature of the 
heat exchanger provided before the degasification apparatus was controlled to 200 ^'C. and the degasif ication bath was 
20 evacuated to 4 to 10 Torr. The high molecular lactic polyester thus obtained was a yellowish transparent resin. The resin 
was pelletized. and then measured for various properties and physical properties. 

The result of GPC showed that a high molecular lactic polyester having a weight-average molecular weight of 
368,000 had been produced. The high molecular lactic polyester thus produced exhibited a glass transition point of 
about 55 °C, a melting point of about 1 52 ^C, a tensile break stress of 30 %. a tensile break strength of 490 I^f/cm2 and 
25 an initial tensile elasticity modulus of 1 0,900 kgf/cm^. 

The high molecular lactic copolymer polyester thus pelletized was then processed by a hot press to prepare a 10 
cm wide x 10 cm long x 100 jim thick sheet 

In some detail, the pelletized polyester having a weight-average molecular weight of 368,000 was pressed at a 
temperature of 1 65 ^C under a pressure of 200 kg/cm2 for 2 minutes to obtain a sheet having a weight-average molecular 
30 weight of 355,000. The drop in the molecular weight was 3.5 %. 

The sheet thus obtained was then buried in the earth for biodegradation test. The results are set forth in Table 1 . 



Table 1 



Days of burial 


Weight-average molecular weight 


Appearance 


0 


355.000 


Rigid, transparent 


30 


317.000 


Rigid, semi-transparent 


100 


181.000 


Brittle, white 


200 


91.000 


Brittle, white 



45 EXAMPLE 13 

To 99 parts of (P-2) were added 1 part of isophorone diisocyanate and 100 parts of toluene as a solvent. The 
atmosphere of the system was then replaced by an inert gas. The reaction mixture was then allowed to undergo reaction 
at a temperature of 85 for 1 .0 hour. 

so After reaction, toluene was removed under reduced pressure. The urethane bond-containing aromatic aliphatic 
polyester as a starting material exhibited a weight-average molecular weight of 98,300 and a number-average molecular 
weight of 41 .900 and showed a single GPC peak demonstrating the production of a single product. To 5 parts of the 
urethane bond-containing aromatic aliphatic polyester as a starting material were then added 93 parts of L-Iactide and 
2 parts of D-lactide. The atmosphere of the system was then replaced by an inert gas. These components were then 

ss dissolved and mixed at a temperature of 110 ''C for 1 hour. To the reaction mixture was then added 200 ppm of tin 
octanoate as a ring opening polymerization catalyst. 

Thereafter, the reaction mixture was allowed to undergo reaction at a temperature of 165 **C for 1.5 hours. The 
resulting copolymer composition was then withdrawn. The urethane bond-containing lactic polyester thus obtained was 
a brownish transparent resin. The result of GPC showed that an urethane bond-containing lactic polyester having a 
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weight-average molecular weight of 291.000 and a number-average molecular weight of 142,000 had been produced. 
The product showed a single GPC peak demonstrating the production of a single copolymer. 2.4 % of the lactide mon- 
omer remained. The result of DSC showed that the urethane bond-containing lactic polyester exhibits a glass transition 
point of 55 ^"0 and a melting point of 1 73 ""C. The urethane bond-containing lactic polyester also exhibited a tensile break 
5 stress of 39 %, a tensile break strength of 430 kgf/cm2, an initial tensile elasticity modulus of 1 2.000 kgf/cn^ and a Vicat 
softening temperature of 51 ''C. 

EXAMPLE 14 

10 To 5 parts of (P-1) were added 93 parts of L-lactide and 2 parts of D-lactide. The atmosphere of the system was 
then replaced by an inert gas. These components were then dissolved and mixed at a temperature of 1 65 "^C for 1 hour. 
To the reaction mixture was then added 0.02 part of tin octanoate as a ring opening polymerisation catalyst. The reaction 
mixture was then allowed to undergo reaction for 8 hours. 

The lactic polyester thus obtained was a colorless transparent resin. The result of GPC showed that a lactic polyester 

IS having a weight-average molecular weight of 1 44,400 had been produced. To 99 parts of tiie lactic polyester were then 
added 1 part of Pandex P-870 (available from Dainippon Ink & Chemicals. Inc.; NCC)%=3.0) and 100 parts of toluene 
as a solvent. The atmosphere of the system was then replaced by an inert gas. To the reaction mixture were then added 
50 ppm of tetraetiiylammonium chloride as a catalyst. The reaction mixture was then allowed to undergo reaction at a 
tempererture of 90 ""C for 1 hour. 

20 Thereafter, the reaction mixture was allowed to undergo reaction at a temperature of 165 *C for 1.5 hours. The 
resulting copolymer composition was then withdrawn. The urethane bond-containing lactic polyester thus obtained was 
a whitish transparent resin. The result of GPC showed that an urethane bond-containing lactic polyester having a weight- 
average molecular weight of 275,000 had been produced. The product showed a single GPC peak demonstrating the 
production of a single copolymer. 2.8 % of the lactide monomer remained. The result of DSC showed that the urethane 

25 bond-containing lactic polyester exhibits a glass transition point of 54 ^C and a melting point of 161 '^C. The urethane 
bond-containing lactic polyester also exhibited a tensile break stress of 72 %, a tensile break strength of 400 kgf/cm?. 
an initial tensile elasticity modulus of 1 1 ,000 kgf/cm^ and a Vicat softening tenperature of 50 ""C. 

EXAMPLE 15 

30 

In tiie present example, a final reaction vessel comprising a series connection of three filling type 4-i capacity 
agitated reactors equipped with a helical agitating blade and a reaction vessel connected to the final reaction vessel via 
a 1 /2 inch static mixer (Konigs type static mixer available from Noritake Co. , Ltd.) and two degasif ication tanks were used. 
The starting materials were supplied in the following manner. In some detail, lactides and a hydroxyi-containing 
35 polymer were dissolved in toluene at a temperature of 1 1 0 ""C in an atmosphere of nitrogen gas to obtain a 1 5 % solution 
which was then supplied into the first reactor by means of a plunger pump in such a manner that the average residence 
time of tiie starting materials was 8 hours. As the catalyst there was used tin octanoate. This catalyst was added before 
the first reactor. An addition line was provided at the entrance of the third reaction vessel such tiiat Pandex P-870 
(Dainippon Ink & Chemicals. Inc.; NCO%=3.0) can be added to the material. 
40 The supplied amount of these components were as foltows: 
Starting material supply flow rate: 1 .5 i/hr. 
Catalyst supply flow rate: 0.5 mi/hr. 
Pandex P-870 supply flow rate: 5,0 g/hr. 
The lactide components and the hydroxyi-containing polymer components used were as follows: 
45 L-lactide: 73 % 

D-lactide:4% 

Hydroxyi-containing polymer: 10 % 
Toluene: 13 % 

As the hydroxyi-containing polymer tiiere was used (P-5). Tin octanoate as a catalyst was supplied in such an 
50 amount that the catalyst content reached 250 ppm. The polymer thus obtained was continuously withdrawn from the 
discharge end at the top of the final reaction vessel by means of a gear pump. 
The three reaction vessels used were temperature-controlled as follows: 

Reaction temperature 

in first reaction vessel: 155 ''C 
55 Reaction temperature 

in second reaction vessel: 155 ^C 

Reaction temperature 

in third reaction vessel: 165 •C 

Reaction temperature 
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in the static mixer: 165 *C 

Referring to the degasrf ication conditions, the temperature of the heat exchanger provided before the first degas- 
if ication apparatus was controlled to 220 '^C, and the degasif ication tank was evacuated to 1 10 Ton'. The temperature 
of the heat exchanger provided before the second degasrf ication apparatus was controlled to 205 **C, and the degasif i- 
cation tank was evacuated to 8 Torr. 

The polymer thus obtained was pelletized, and then measured for various properties and physical properties. The 
pellet thus obtained was a slightly yellowish transparent resin. The high molecular lactic polyester thus produced was a 
colorless transparent resin having a weight-average molecular weight of 416,000 and a number-average molecular 
weight of 202.000. The high molecular lactic polyester exhibited a glass transition point of about 52 a melting point 
of about 1 56 •C. a tensile break stress of 58 %, a tensile break strength of 470 kgf/cm2, an initial tensile elasticity nrrodulus 
of 1 1 .000 kgf/cm2 and a Vicat softening temperature of 50 **C. 

EXAMPLE 16 

A continuous polymerization apparatus was used having a polymerization zone consisting of a circulating polym- 
erization line comprising a series connection of four static mixers having an inner diameter of 0.5 in. and a length of 60 
cm, equipped with a circulating gear pump, and a polymerization line comprising a series connection of two static mixers 
having an inner diameter of 3/4 in. and a length of 50 cm (available from Noritake Co.. Ltd.; 15 mixing elements incor- 
porated) directly connected to the circulating polymerization line. 

The catalyst was mixed into the main starting material shortly before the main starting material supply pump by 
means of a static mixer having an inner diameter of 1/4 in. and a length of 15.5 cm (available from Noritake Co.. Ltd.; 
12 mixing elements incorporated). 

A main starting material solution was prepared in an atmosphere of nitrogen gas. In some detail, 78 parts of L- 
lactide, 4 parts of D-lactlde, 18 parts of a 50 % toluene solution of an aliphatic polyester which had been processed with 
hexamethylene diisocyanate to have a higher molecular weight (29 mol % of adipic add component, 20 mol % of succinic 
acid component. 30 mol % of ethylene glycol component, 20 mol % of neopentyl glycol component. 0.5 mol % of hex- 
amethylene diisocyanate component; weight-average molecular weight: 62,100; number-average molecular weight: 
26.500) (hereinafter referred to as "(P-7)"). and 0.04 part of zinc 2-ethylhexanate as a catalyst were subjected to con- 
tinuous polymerization under the following conditions: 

Main starting material supply flow rate: 400 mi/hr. 

Catalyst supply flow rate: 1 .6 nrv^r. 

Reaction temperature: 160 **C 

Rate of flow to be circulated in 

circulating polymerization line: 2 

Reflux ratio: 5 

The polymer solution thus obtained was then introduced into an apparatus comprising a heat exchanger and a 
degasification bath by an insulated gear pump for high viscosity so that it was degasificated. The temperature of the 
heat exchanger provided before the degasification apparatus was controlled to 200 **C. and the degasification bath was 
evacuated to 4 to 1 0 Torr. The high molecular lactic polyester thus obtained was a yellowish transparent resin. The resin 
was pelletized. and then measured for various properties and physical properties. 

The result of GPC showed that a high molecular lactic copolymer polyester having a weight-average molecular 
weight of 404,000 and a number-average molecular weight of 208,000 had been produced. The high molecular lactic 
polyester tiius produced exhibited a glass transition point of about 56 ^'C, a melting point of about 158 *C. a tensile break 
stress of 40 %. a tensile break strength of 500 kgUcrrt^, an initial tensile elasticity modulus of 1 4.000 kgf/cm^ and a Vicat 
softening temperature of 52 *C. 

EXAMPLE 17 

To 98 parts of (P-1) were added 2 parts of toluene-2.4-diisocyanate and 100 parts of toluene as a solvent. The 
atmosphere of the system was then replaced by an inert gas. The reaction ntixture was then allowed to undergo reaction 
at a temperature of 85 ^'C for 1 .0 hour. 

After reaction, toluene was removed under reduced pressure. The urethane bond-containing aromatic aliphatic 
polyester as a starting materia! exhibited a weight-average molecular weight of 1 1 1 ,000 and a number-average molecular 
weight of 43,000 and showed a single GPC peak demonstrating the production of a single product. To 30 parts of tiie 
urethane bond-containing aromatic aliphatic polyester as a starting material were then added 68 parts of L-lactide and 
2 parts of D-lactide. The atmosphere of the system was then replaced by an inert gas. These components were tiien 
dissolved and mixed at a temperature of 1 10 **C for 1 hour. To the reaction mixture was then added 200 ppm of tin 
ocfanoate as a ring opening polymerization catalyst. 
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Thereafter, the reaction mixture was allowed to undergo reaction at a temperature of 165 for 1.5 hours. The 
resulting copolymer composition was then withdrawn. The urethane bond-containing lactic polyester thus obtained was 
a brownish transparent resin. The result of GPC showed that an urethane bond-containing lactic polyester having a 
weight-average molecular weight of 152,000 and a number-average molecular weight of 88,000 had been produced. 
The product showed a single GPC peak demonstrating the production of a single copolymer 1 .8 % of the lactide mon- 
omer remained. The result of DSC showed that the urethane bond-containing lactic polyester exhibits a glass transition 
point of sec and a melting point of 1 62 ""C. The urethane bond-containing lactic polyester also exhibited a tensile break 
stress of 310 %, a tensile break strength of 280 kgf/cnrtz. an initial tensile elasticity modulus of 9,000 kgf/cm? and a Vicat 
softening temperature of 49 ''C. 

EXAMPLE 18 

To 30 parts of (P-1) were added 70 parts of L-lactide. These components were then dissolved and mixed at a 
temperature of 165 ^'C for 1 hour in an atmosphere of an inert gas. To the reaction mixture was then added 0.02 part of 
tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then allowed to undergo reaction for 
8 hours. 

The lactic polyester thus obtained was a colorless transparent resin. The result of GPC showed that a lactic polyester 
having a weight-average molecular weight of 73,000 had been produced. To 99 parts of the lactic polyester were then 
added 1 part of triphenylmethane-4.4\4"-triisocyanate and 100 parts of toluene as a solvent. The atmosphere of the 
system was then replaced by an inert gas. To the reaction mixture were then added 50 ppm of tetraethylammonium 
chloride as a catalyst. The reaction mixture was then allowed to undergo reaction at a temperature of 90 *C for 1 hour. 

Thereafter, the reaction mixture was allowed to undergo reaction at a temperature of 165 •C for 1 .5 hours. The 
resulting copolymer composition was then withdrawn. The urethane bond-containing lactic polyester thus obtained was 
a whitish transparent resin. The result of GPC showed that an urethane bond-containing lactic polyester having a weight- 
average molecular weight of 1 47.000 and a number-average molecular weight of 55.000 had been produced. The product 
showed a single GPC peak demonstrating the production of a single copolymer. 2.0 % of the lactide monomer remained. 
The result of DSC showed that the urethane bond-containing lactic polyester exhibits a glass transition point of 49 °C 
and a melting point of 161 ^'C. The urethane bond-containing lactic polyester also exhibited a tensile break stress of 280 
%, a tensile break strength of 300 kgf^cm^, an initial tensile elasticity modulus of 9.900 kgf/cm2 and a Vicat softening 
temperature of 47 ^'C. 

EXAMPLE 19 

The pellet obtained in Example 14 was thoroughly dried, and then extruded through an extruder equipped with a 
screw having UD of 24 and a diameter of 50 mm (available from Tanabe Plastic Co.. Ltd.) at an extrusion temperature 
of 190 **C to obtain a 0. 1 5-mm thick sheet having a good transparency The extrusion was effected at a screw revolution 
speed of 24 rpm, a discharge rate of 16 kg/hr. a back pressure of 86 l^/cm^ and a take-off speed of 6.0 m/min. 

EXAMPLE 20 

The 0.1 5-mm sheet obtained in Example 1 7 was formed by a vacuum forming machine (available from Sanwa Kogyo 
K.K.). In some detail, the sheet was heated for 5 seconds, formed and cooled for 5 seconds, and then released from 
the mold in 1 second to form a tray cover for dish. As a result, a formed product having an excellent mold reproducibility 
and transparency was obtained. 

EXAMPLE 21 

The pellet obtained in Example 1 was thoroughly dried, and then Wow-molded by a blow molding machine equipped 
with an extruder having a screw having UD of 25 and a diameter of 40 mm (produced by The Japan Steel Works, Ltd.) 
to obtain a 60 mi bottle having an excellent mold reproducibility and transparency In some detail, the pellet was blow- 
molded at a cylinder temperature of from 1 70 **C to 1 80 *C. a cylinder head temperature of 1 80 **C, a mold temperature 
of 32 ""C and a discharge rate of 4.2 kg/hr with air blown therethrough from the die core at a rate of 3 kgf/cm^. 

EXAMPLE 22 

The pellet obtained in Example 4 was thoroughly dried, extruded through a 50-mm extruder equi|:ped with a 400- 
mm wide die, and then laminated on a paper having a weight of 200 g/m^. in some detail, the pellet was extruded at a 
cylinder temperature of from 150 ^C to 210 **C, a die temperature of 210 "C, a cooling roll temperature of 60 ''C, a 
discharge rate of 4 kg/hr, and a line speed of 10 m/min. 
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The laminated paper thus obtained exhibited a uniform thickness and a laminate strength as high as not less than 
370g/15 mm. 

CQMPARATIVE EXAMPLE 1 

5 

To 100 parts of L-lactide were added 15 parts of toluene. The mixture was dissolved and stirred at a temperature 
of 1 75 *C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.02 part of tin octanoate 
as a ring opening polymerization catalyst. The reaction mixture was then allowed to undergo polymerization for 3 hours. 
After reaction, toluene was removed under reduced pressure. The poly(L-lactic acid) thus obtained was a colorless 
10 transparent resin having a weight-average molecular weight of 273,000 and a number-average molecular weight of 
140,000. The resin exhibited a glass transition point of about 57 ^'C. a melting point of about 158 a tensile break 
stress off 6.0 %, a tensile break strength of 450 kgf/cm2 and an initial tensile elasticity modulus of 1 1 ,000 l^/cm2. 

CQMPARATIVE EXAMPLE 2 

IS 

To 70 parts of L-lactide were added 30 parts of a polycaprolactone ("Tone", available from UCC) and 15 parts of 
toluene. The mixture was dissolved and stirred at a temperature of 175 **C In an atmosphere of nitrogen gas for 0.5 hour. 
To the reaction mixture were then added 0.02 part of tin octanoate as a ring opening polymerization catalyst. The reaction 
mixture was then allowed to undergo polymerization for 3 hours. After reaction, toluene was removed under reduced 
20 pressure. The lactic copolymer polyester thus obtained was a white resin having a weight-average molecular weight of 
123.000 and a number-average molecular weight of 62,000. The resin exhibited a glass transition point of about 30 ""C, 
a melting point of about 149 a tensile break stress of 100 %, a tensile break strength of 320 kgf/cm2 and an initial 
tensile elasticity modulus of 6.800 kgf/cm^. 

25 CXDMPARATIVE EXAMPLE 3 

To 1 0 parts of (P-1) were added 90 parts of L-lactide and 20 parts of toluene. The mixture was dissolved and stirred 
at a temperature of 1 75 ''C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.02 
part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then allowed to undergo polym- 
30 erization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic copolymer polyester thus 
obtained was a colorless transparent resin having a weight-average molecular weight of 1 40,000 and a number-average 
mol«:ular weight of 81 ,000. The resin exhibited a glass transition point of about 47 ''C, a melting point of about 156 ^C, 
a tensile break stress of 1 2 %. a tensile break strength of 450 kgf/cm2 and an initial tensile elasticity modulus of 1 0.000 
kgt/cm2. 

35 

CQMPARATIVE EXAMPLE 4 

To 20 parts off (P-1) were added 70 parts of L-lactide. 10 parts of D-lactide and 20 parts of toluene. The mixture 
was dissolved and stirred at a temperature off 1 75 **C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction 

40 mixture were then added 0.02 part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was 
then allowed to undergo polymerization for 3 hours. After reaction, toluene was removed under reduced pressure. The 
lactic copolymer polyester thus obtained was a colorless transparent resin having a weight-average molecular weight 
of 1 10,000 and a number-average molecular weight of 63.200. The resin exhibited a glass transition point of about 44 
''0. a melting point of about 154 "^C. a tensile break stress of 21 %. a tensile break strength of 390 kgf/cm^ and an initial 

45 tensile elasticity modulus of 7.600 kgf^cm^. 

CQMPARATIVE EXAMPLES 

To 30 parts of (P-1) were added 68 parts of L-lactide, 2 parts of D-lactide and 20 parts of toluene. The mixture was 
so dissolve and stirred at a temperature of 1 65 °C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture 
were then added 0.03 part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then 
allowed to undergo polymerization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic 
copolymer polyester thus obtained was a colorless transparent resin having a weight-average molecular weight of 78,000 
and a number-average molecular weight off 41 .000. The resin exhibited a glass transition point off about 38 "G. a melting 
55 point off aboui 1 46 **G, a tensile break stress of 40 %. a tensile break strength of 300 kgf/cm2 and an initial tensile elasticity 
modulus of 5.800 kgf/cm2. 
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COMPARATIVE EXAMPLE 6 

To 5 parts of (P-2) were added 93 parts of L-lactide, 2 parts of D-Iactide and 20 parts of toluene. The mixture was 
dissolved and stirred at a temperature of 1 75 ^^C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture 

5 were then added 0.03 part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then 
allowed to undergo polymerization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic 
copolymer polyester thus obtained was a colorless transparent resin having a weight-average molecular weight of 
1 61 ,000 and a number-average molecular weight of 83,200. The resin exhibited a glass transition point of about 46 ^C. 
a melting point of about 154 ""C, a tensile break stress of 7.7 %, a tensile break strength of 410 kgf/cm^ and an initial 

10 tensile elasticity modulus of 7,500 kgf/cmz. 

COMPARATIVE EXAMPLE 7 

To 30 parts of (P-1 ) were added 70 parts of L-lactide and 1 5 parts of toluene. The mixture was dissolved and stirred 
IS at a temperature of 1 65 in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture were then added 0.03 
part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then allowed to undergo polym- 
erization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic cqDOlymer polyester thus 
obtained was a colorless transparent resin having a weight-average molecular weight of 73,000 and a number-average 
molecular weight of 37,000. The resin exhibited a glass transition point of about 45 '^C, a melting point of about 151 ^'C, 
20 a tensile break stress of 78 %. a tensile break strength of 400 kgf/cm^ and an initial tensile elasticity modulus of 7.600 
kgf/cm2. 

COMPARATIVE EXAMPLES 

2S To 5 parts of (P-1) were added 93 parts of L-lactide, 2 parts of D-lactide and 20 parts of toluene. The mixture was 
dissolved and stirred at a temperature of 175 '^C in an atmosphere of nitrogen gas for 0.5 hour. To the reaction mixture 
were then added 0.03 part of tin octanoate as a ring opening polymerization catalyst. The reaction mixture was then 
allowed to undergo polymerization for 3 hours. After reaction, toluene was removed under reduced pressure. The lactic 
copolymer polyester thus obtained was a colorless transparent resin having a weight-average molecular weight of 
30 144,000 and a number-average molecular weight of 73.000. The resin exhibited a glass transition point of about 44 ""C. 
a melting point of about 153 ''C, a tensile break stress of 3.5 %, a tensile break strength of 400 kgf/cm^ and an initial 
tensile elasticity modulus of 10,500 kgf/cm2. 

The results of the measurement of various properties and TG/DTA (weight loss) of the lactic copolymer polyesters 
obtained in the foregoing examples and comparative exarrples are set forth in Tables 2 to 8. The following abbreviations 
3s will be used in these tables. 
Trimellitic acid: TM 
Trimellitic anhydride: TMA 
Pyromellitic acid: PM 

40 



4S 



so 



55 
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Pyromellitic anhydride: PMDA 

Table 2 





Materials or properties 


Example 1 


Example 2 


Examples 


Example 4 


5 


Starting material 












L-LD (parts) 


90 


93 


68 


93 




D-LD (parts) 


0 


2 


2 


2 


10 


Polyester 


P-1 


P-2 


P-1 


P-2 




(parts) 


10 


5 


30 


5 




Mwx 1000'1 


30.2 


45.2 


30.2 


45.2 


15 


Polyvalent carboxylic acid 


PMDA 


PMDA 


TMA 


PMDA 


(parts) 


0.002 


0.05 


1 


0.002 




Mwx 1000-1 


315 


356 


110 


517 




% Weight loss 


1.5 


1.7 


7.7 


2.9 


20 


Glass transition point C^C) 


56 


58 


53 


59 




Tensile break stress (%) 


41 


9.6 


230 


12 




Tensile break strength (kgf/cnrtZ) 


520 


650 


490 


550 


25 


Initial tensile elasticity modulus (kgf/cnrk^) 


10.100 


13.000 


8.100 


11,900 




Tables 








30 


Materials or properties 


Example 5 


Exanrple 6 


Example 7 


Examples 




Starting material 












L-LD (parts) 


70 


93 


70 


93 


35 


D-LD (parts) 


0 


2 


10 


2 




Polyester 


P-1 


P-1 


P-1 


P-2 




(Darts) 


30 


5 


20 


5 




Mwx 1000"1 


30.2 


30.2 


30.2 


45.2 . 


40 


Polyvalent cartx>xytic acid 


PMDA 


PMDA 


TMA 


PMDA 




(parts) 


0.05 


0.5 


0.002 


0.05 




Mwx 1000"i 


145 


327 


168 


325 


45 


% Weight loss 


7.5 


2.2 


7.8 


3.4 


Glass transition point (**C) 


54 


57 


51 


56 




Tensile break stress (%) 


330 


18 


180 


27 




Tensile break strength (kgf/cmZ) 


470 


510 


420 


560 


50 


Initial tensile elasticity modulus (kgf/cm?) 


8.200 


13,000 


7.900 


12.000 
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Table 4 



Materials or properties 


Example 9 


Example 10 


Example 1 1 


Example 12 


Starting material 










L-LD (parts) 


90 


68 


84 


86 


D-LD (parts) 


0 


2 


5 


4 


Polyester 


P-3 


P-4 


P-5 


P-6 


(parts) 


10 


30 


11 


10 


MvyxlOOO"" 


118 


53.5 


35.1 


53.5 


Polyvalent carboxyllc add 


PMDA 


PM 


PMDA 


TM 


(parts) 


0.14 


1 


0.3 


1 


MwxIOOO"! 


340 


151 


301 


368 


% Weight loss 


3.3 


8.1 


3.9 


4.2 


Gass transition point (^^C) 


55 


53 


53 


55 


Tensile break stress (%) 


28 


270 


28 


30 


Tensile break strength (kgf/cm2) 


460 


400 


500 


490 


Initial tensile elasticity nrxxJulus (kgf/cniz) 


11.000 


7.800 


11.800 


10,900 



Table 5 



30 


Materials or properties 


Example 13 


Example 14 


Example 14 


Example 16 




Starting material 












L-LD (parts) 


93 


93 


84 


86 


35 


D-LD (parts) 


2 


2 


5 


4 


Polyester 


P-2 


P-1 


P-5 


P-7 




(parts) 


5 


5 


11 


10 




Mwx1000"i 


45.2 


30.2 


35.1 


62.1 


40 


Polyvalent isocyanate 


Isophorone diisocyanate 


Pandex P-870 


Pandex P-870 


Hexamethylene diisocy- 
anate 




(parts) 


1 


1 


0.4 


1.3 




MwxIOOO'i 


291 


275 


416 


404 


45 


% Weight loss 


4.9 


3.2 


3.1 


3.8 




Glass transition point 
(^C) 


55 


54 


52 


56 


50 


Tensile break stress (%) 


39 


72 


58 


40 


Tensile break strength 
(kgf/cmz) 


430 


400 


470 


500 


55 


Initial tensile elasticity 
modulus (kg/cm2) 


12.000 


11.000 


11.000 


14.000 


Vicat softening tempera- 
ture CC) 


51 


50 


50 


52 
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Tables 



Materials or properties 


Example 17 


Example 18 


Starting material 






L-LD (parts) 


68 


70 


D-LD (parts) 


2 


0 


Polyester 


P-1 


P-1 


(parts) 


30 


30 


MwxIOOO"'' 


30.2 


30.2 


Polyvalent isocyanate 


Toluene-2.4<liisocyanate 


Triphenylmethane triisocyanate 


(parts) 


2 


1 


Mwx 1000-1 


152 


147 


% Weight loss 


3.9 


2.8 


Glass transition point (**C) 


50 


49 


Tensile break stress (%) 


310 


280 


Tensile break strength (kgf/cmz) 


280 


300 


Initial tensile elasticity modulus {kg/cnt^) 


9.000 


9.900 


Vicat softening temperature (°C) 


49 


47 



Table 7 



Materials or properties 


Comparative 
Example 1 


Comparative 
Example 2 


Corr^arative Example 3 


Comparative Example 4 


Starting material 










L-LD (parts) 


100 


70 


90 


70 


D-LD (parts) 


0 


0 


0 


10 


Polyester 




Tone 


P-1 


P-1 


(parts) 




30 


10 


20 


Mwx 1000-1 






30.2 


30.2 


Mwx 1000-1 


273 


123 


140 


110 


% Weight loss 


10.3 


15.1 


9.9 


12.1 


Glass transition point 


57 


30 


47 


44 


Tensile break stress (%) 


6.0 


100 


12 


21 


Tensile break strength 
(kgf/cm2) 


450 


320 


450 


390 


Initial tensile elasticity 
modulus (kg/cm2) 


11,000 


6,800 


10.000 


7.600 
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Tables 



Materials or properties 


Comparative 
Example 5 


Comparative 
Examples 


Comparative Example 7 


Comparative Example 8 


Starting material 










L-LD (parts) 


68 


93 


70 


93 


D-LD (parts) 


2 


2 


0 


2 


Polyester 


P-1 


P-2 


P-1 


P-1 




30 


5 


30 


5 


MwxIOOQ-i 


30.2 


45.2 


30.2 


30.2 


Mwx 1000"1 


78 


161 


73 


145 


% weight loss 


10.9 


11.3 


10.5 


9.1 


Glass transition point 
(^C) 


38 


46 


45 


44 


Tensile break stress (%) 


40 


7.7 


78 


3.5 


Tensile break strength 
(kgf/cnrtZ) 


300 


410 


400 


400 


Initial tensile dasticity 
modulus (kg/err^) 


5.800 


7.500 


7.600 


10.500 



The present invention can provide a process for the preparation o1 a biodegradable high molecular lactic polyester 
which exhibits a sufficiently high molecular weight and heat resistance and shows a sufficient rigidity, flexibility and 
transparency depending on the purpose. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be appar- 
ent to one skilled in the art that various changes and modifications can be made therein without departing from the spirit 
and scope thereof. 

Claims 

1 . A process for the preparation of a high molecular lactic copolymer polyester, which comprises allowing a lactide (A) , 
a polyester terminated by hydroxyl group at both ends (B1). a polyvalent carboxylic acid having 3 or more function- 
alities and/or acid anhydride thereof (C) to undergo ring opening copolymerization in such an amount that the weight 
ratio of (A)/(B1) is from 50/50 to 98/2 and the proportion of the component (C) is from 0.001 to 5 % by weight of the 
sum of the amount of the components (A) and (B1) in the presence of a ring opening polymerization catalyst (D). 

2. A process for the preparation of a high molecular lactic copolymer polyester, which comprises allowing a lactide (A) 
and a polyester terminated by hydroxyl group at both ends (81 ) to undergo ring opening copolymerization in (A)/(B1 ) 
weight ratio of 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D) to prepare a polyester, 
and then reacting said polyester with a polyvalent carboxylic acid having 3 or more functionalities and/or acid anhy- 
dride thereof (C) in such an amount that the proportion of the component (C) is from 0.001 to 5 % by weight of the 
sum of the amount of the components (A) and (B1). 

3. A process for the preparation of a high molecular lactic copolymer polyester, which comprises reacting a polyester 
terminated by hydroxyl group at both ends (B1) with a polyvalent carboxylic acid having 3 or more functionalities 
and/or acid anhydride thereof (C) in such an amount that the proportion of the component (C) is from 0.001 to 5 % 
by weight of the amount of the component (B1) to obtain a polyester terminated by hydroxyl group at both ends 
having a weight-average molecular weight of from 10,000 to 300,000 (B2). and then allowing said polyester (B2) 
and a lactide (A) to undergo ring opening copolymerization in such an amount that the weight ratio of (A)/(B2) is 
from 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D). 
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4. A process for the preparation of a high molecular lactic copolymer polyester, which comprises allowing a dicarboxylic 
ackJ, a diol and a polyvalent cart>oxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) in an 
amount of from 0.001 to 5 % by weight to undergo dehydration reaction and/or deglycolation reaction to obtain a 
polyester having a weight-average molecular weight of from 10,000 to 300.000 (B3). and then allowing said polyester 
(B3) and a lactide (A) to undergo ring opening copolymerization in such an amount that the weight ratio of (A)/(B3) 
is from 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D). 

5. The process for the preparation of a fiigh molecular lactic copolymer polyester according to any one of Claims 1 to 

3, wherein sajd polyester terminated by hydroxyl group at both ends (B1) has a weight-average molecular weight 
of 10,000 to 200,000. 

6. The process for the preparation of a high molecular lactic copolymer polyester according to any one of Claims 1 to 

4. wherein said polyvalent carboxylic acid having 3 or more functionalities and/or acid anhydride thereof (C) is 
selected from the group consisting of trimellitic acid, trimellitic anhydride, pyromellitic acid and pyromellitic anhydride. 

7. A process for the preparation of a high molecular lactic copolymer polyester, which comprises reacting a polyester 
terminated by hydroxyl group at both ends (81) with a polyvalent isocyanate (E) having 2 or more functionalities in 
such an amount that the proportion of the component (E) is from 0.01 to 5 % by weight of the amount of the polyester 
(81) to obtain a polyester (84) having a weight-average molecular weight of from 10.000 to 300.000, and then 
allowing said polyester (84) and lactide (A) to undergo ring opening copolymerization in such an amount that the 
weight ratio of (A)/(B4) is from 50/50 to 98/2 in the presence of a ring opening polymerization catalyst (D). 

8. A process for the preparation of a high molecular lactic copolymer polyester, which comprises allowing a lactide (A) 
and a polyester terminated by hydroxyl group at both ends (81) to undergo ring opening copolymerization in such 
an amount that the weight ratio of (A)/(B1) is from 50/50 to 98/2 in the presence of a ring opening polymerization 
catalyst (D) to prepare a polyester having a weight-average molecular weight of from 10,000 to 300,000, and ttien 
reacting said polyester with a polyvalent isocyanate having 3 or more functionalities in such an amount that the 
proportion of said polyvalent isocyanate (F) is from 0.01 to 5 % by weight of the sum of the amount of the components 
(A) and (81). 

9. The process for the preparation of a high molecular lactic copolymer polyester according to Claim 7 or 8, wherein 
said polyester terminated by hydroxyl group at both ends (81 ) has a weight-average molecular weight of from 1 0.000 
to 200,000. 

1 0. The process for the preparation of a high molecular lactic copolymer polyester according to any one of Claims 1 to 
4, 7 and 8, wherein the resulting high molecular lactic copolymer polyester has a weight-average molecular weight 
of from 20.000 to 600.000. 

1 1 . The process for the preparation of a high molecular lactic copolymer polyester according to any one of Claims 1 to 
4, 7 and 8. wherein a static mixer is used as a polymerization reaction vessel. 

12. The process for the preparation of a high molecular lactic copolymer polyester according to any one of Claims 1 to 
4, 7 and 8. wherein a continuous polymerization apparatus comprising a series connection of two or more agitated 
reaction vessels is used. 

13. A formed or molded product of a high molecular lactic copolymer polyester prepared by tiie preparation process 
according to any one of Claims 1 to 4, 7 and 8. 
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